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In  the  book  are  exaaindd  the  oasic  properties  of  class  it  is 
polyurethane^ ,  bonded  with  the  specific  character  of  the  structure  of 
polyaeric  aolecules  and  their  interaolecular  interactions. 

1  NOTE  TO  THE  READER:  Throughout  this  docuaent,  whenever  the  terns 
"it  is  polyurethane"  or  "xs  polyurethane”  appear:,  please  read  "of 
polyurethanes,”  when  applxcaole.  END  NOTE. 

This  book  -  the  first  in  world  literature,  dedicated  structure  and 
properties  of  one  of  the  aost  inportant  classes  of  high-nolecular 
coapounds  -  it  is  polyurethane.  The  analysis  of  the  special 
feature/peculiarities  or  tae  tlo'ioility  of  chains,  nature  of  bonds, 
effect  of  the  cheaical  nature  or  chains  on  the  phase  and  physical 
transitions,  physicomechanical  and  other  properties  aakes  it  possible 
to  set  the  basic  reasons  for  aanirestation  by  polyurethane  of  that 
coabination  of  properties  which  determines  their  wide  practical 
application/use  in  the  fora  of  runners  and  rubbers,  coatings,  fibers 
and  other  aaterials. 

Honograph  is  calculated  la  scientific  workers,  aspirants  and 

workers  of  industry,  who  specialise  in  the  region  of  chenlstry,  the 
physical  cheaistry  and  technology  of  polyaeric  naterials. 
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Among  a  large  nunbec  ot  polyaeric  materials,  utilized  in 
national  economy,  special  posxtxoa  they  occupy  polyurethanes.  This  is 
determined  by  the  very  valuable  and  specific  combination  of  the 
properties,  developed  by  polymers,  which  makes  possible  their 
application/use  in  the  most  aifferent  branches  of  industry  and  in 
private  life.  Really/accually,  we  do  not  know  another  class  of 
polymers  on  basis  of  which  it  is  possible  to  obtain  virtually  all 
technically  valuable  polymeric  materials  *  rubbers  and  rubbers, 
sealing  compounds  and  sealing  compounds,  rigid  and  elastic  synthetic 
fibers,  glues  and  coatings,  foamed  plastics  and  many  others.  The 
possibilities  of  obtaining  the  such  different  materials  are  laid  with 
the  special  feature/peculiarities  of  chemical  structure  it  is 
polyurethane  and  not  limited  the  possibilities  of  the  regulating  of 
their  structure. 

In  world  literature  is  known  a  large  number  of  investigations, 
in  which  are  examined  questions  of  synthesis,  technology  and 
processing/treatment  it  is  polyurethane.  These  works  are  generalized 
in  the  monograph  of  Saunders  and  frisch,  translated  into  the  Russian 
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language. 

As  a  result  of  the  conducted  investigations,  are  created  ten  and 
hundreds  of  polyurethane  coanections  and  nunerous  technically 
valuable  naterials  on  their  oasis.  However,  to  these  ones  on  we  have 
available  the  very  United  inrocnation  about  the  bond  between  the 
cheaical  structure  and  properties  it  is  polyurethane,  but  some  most 
important  special  feature/peculiarities  it  is  polyurethane  which 
determine  the  special  value  or  these  connections,  until  now,  they 
are  investigated  very  little.  In  the  literature  there  are  no 
generalizing  data  according  to  the  relationship/ratios  between  the 
structure  and  properties  it  is  polyurethane,  but  the  majority  of  the 
investigations  of  the  physicochemical  and  physical  character  devoted 
to  the  properties  of  foamed  plastics  on  basis  is  polyurethane.  On 
separate  questions  of  the  physical  chemistry,  it  is  polyurethane 
(flexibility  of  chains,  property  ol  solutions  and  fusion/melts,  etc.) 
there  is  very  few  investigations  in  comparison  with  data  for  other 
classes  of  polymers. 

Everything  presented  determined  that  problem  which  the  authors 
placed  before  themselves  in  present  monograph.  It  consists  in  the 
generalization  of  existing  xaowledges  about  structure  and  properties 
it  is  polyurethane  and  explanation  on  this  basis  of  the  reasons  for 
the  specific  properties  of  tnis  class  of  polymeric  materials,  what  is 
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▼ery  essential  both  froa  the  point  of  view  of  their  utilization  in 
practice  and  froa  the  point  of  view  of  finding  the  correct  ways  of 
the  synthesis  of  polyaers  wxta  preassigned  coabination  of 
physicocheaical  properties. 

Page  4. 

Priaary  task  of  physxcs  and  physical  cheaistry  it  is 
polyurethane  -  the  estaolxshaent  or  the  basic  regularities,  which 
join  properties  and  structure  with  their  specific  special 
feature/peculiarities  and  wbrch  are  deteraining  the  ways  of  their 
applicat ion/use  to  the  study  of  these  probleas  is  dedicated  this 
work. 


As  the  basis  of  aonograpa,  are  assuaed  the  data,  published  in 
world  literature,  and  the  results  of  the  investigations,  conducted  in 
the  section  of  physical  cnemistry  of  the  polyaers  of  the  institute  of 
the  aactoBolecular  cheaistry  of  AS  UkSSH  by  the  authors  and  their 
coworkers. 

Chapters  I-III  are  written  hy  Yu.  S.  Lipatov,  Chapter  IV  -  by 
Yu.  Yu.  Kercha,  Chapter  V  -  ny  L.  H.  Sergeyeva,  Chapter  VII  -  by  Yu. 
S.  Lipatov  and  L.  n.  Sergeyeva. 
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The  problens  of  the  bond  betueen  the  conditions  of  the  synthesis 
reaction  of  polyurethanes  and  tne  super molecular  structures,  which 
appear  with  synthesis,  were  studied  by  T.  E.  Lipatova,  who  wrote 
chapter  VI. 
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CHAPTER  1. 

BASES  OF  THE  CHEMISTRY  CF  POi.Y  U  BETtiAM  ES . 

Physical  and  chenicai  pcopertxes  it  is  polyurethane  they  are 
determined  by  the  presence  in  tne  polymer  chains  of  different  types 
of  chenicai  bonds  and  fuocti.onai  ^jroups.  This  is  caused  by  the  fact 
that  for  synthesis  it  is  polyurethane  and  polyurethane  naterials  it 
is  used  considerably  mote  inxtiax  of  connections,  than  for  other 
classes  of  polymers.  Therefore  it  rs,  first  of  all,  necessary  to 
examine  the  basic  methods  or  synthesis  it  is  polyurethane  and 
obtaining  on  their  basis  of  different  technical  materials,  in  order 
to  connect  their  properties  with  the  conditions  of  synthesis  and 
processing/treatment . 

GEHERAL  PRINCIPLES  OF  SYNiatsIS  OF  POLY H RETH A N ES . 

At  the  basis  of  obtaining,  it  is  polyurethane  it  lie/rests  the 


reaction  of  the  step  polymerization,  by  which  is  understood  the 
reaction  as  a  result  of  which  during  the  addition  of  di~  or 
polyfunctional  reactants  are  formed  the  macromolecules  without  the 
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Splitting  of  the  fragnents  of  tne  ceacting  groups.  For  this  type  of 
reactions,  is  characteristic  the  aigration  of  the  atoa  of  hydrogen  at 
each  step/stage,  which  gives  grounds  to  call  reaction  also  nigration 
polyaerization  [47], 

Poraation  it  is  urethane  nonaed  with  the  addition  reactions  of 
isocyanates,  described  long  ago  oy  Hurtz  [345], 

R_N  =  C  =  O  R  — OH  -»  R-N-C-OR' 

I  ’ 

H  O 

For  it  is  urethane  it  is  caaracterxstic  the  grouping  of  the  atoms 

o  ^  C-N- 
!  1 
O 
I 

The  aethod  of  obtaining  polyurethane  it  is  developed  in 
Geraany  [286]  and  by  the  U8A  [285]  siaultaneously  it  is  based  on  the 
reaction  of  isocyanates  witn  glycois,  as  a  result  of  which  occurs  the 

foraation  of  linear  poly urethaae  by  the  overall  diagraa 

,mO— R— OH  -i-  flO  =  C  =  N— R'— N  =  C  =  0  -► 

OH  HO 

^  (_0— R-oJ-N-R'-N-i-)/i- 

Page  6. 

The  polymers  of  this  structure  have  many  coaaon/general/total 
properties  with  polyamides  and  otner  linear  polyaers,  which 
predeteraine*"  the  potential  possioilities  of  their  application/use. 
Hith  the  aid  of  the  selection  of  components  (diisocyanates  and 
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hydroxyl-containing  connections)  it  is  possible  over  wide  liaits  to 
▼ary  their  properties.  Specifically,  the  possibility  of  the  active 
regulating  of  the  structure  o£  polyner  chain  aalces  it  possible  to 
obtain  on  basis  it  is  polyurethane  materials  with  the  aost  different 
properties. 

For  obtaining  the  higu-molecular  products,  it  is  necessary  to 
take  the  initial  components  of  the  high  degree  of  purity  in  strictly 
eguiaolecular  guantities.  If  one  of  the  components  is  used  in  excess, 
this  leads,  as  in  the  case  of  polycondensation,  to  the  decrease  of 
molecular  weight.  The  component,  undertaken  in  excess,  forms 
predominantly  end  groups,  i'he  high  reactionary  character  of 
diisocyanates  makes  it  possible  to  carry  out  the  reaction  at  low 
temperatures  (in  the  case  of  tne  catalyzable  reactions  -  with  room 
ones)  .  Under  soft  conditions  occur/flow/lasts  less  than  side 
reactions,  which  makes  it  possible  to  avoid  branchings  as  a  result  of 
the  reaction  of  diisocyanaces  with  the  formed  urethane  groups. 

The  examined  above  metnod  of  obtaining  is  polyurethane  is  most 
common  it  is  used  on  industrial  scale.  There  are  also  many  other 
methods  of  their  synthesis,  one  of  which  is  based  on  the  reaction  of 
the  polycondensation  of  dichlorocarbon  ether/esters  of  glycols  with 
diamines  [267]: 

nClCOOR-OOCCI  +  nNH,— R'-NH, 

I-R-OOCNH-R'-NH-COO-l,  +  HCI. 
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Dichlorocarbon  ethec/estec  ot  glycol  is  obtained  during  reaction 
with  phosgene.  Thus,  this  nethod  includes  the  reaction  of  sone 
coaponent  with  phoisgene  as  ontaining  diisocyanates,  based  on  the 
reaction  of  anines  with  phosgene,  nut  it  not  found  wide  acceptance. 

It  is  necessary  to  note  that  the  searches  of  the  ways  of  synthesis  it 
is  polyurethane  without  the  application/use  of  isocyanates  and 
synthesis  of  isocyanates  without  the  collaboration  of  phosgene  they 
are  of  great  practical  interest;  aowewer,  at  present  these  methods 
cannot  compete  with  the  basic  method  of  synthesis  it  is  polyurethane, 
presented  it  is  above. 

The  examined  reactions  are  the  basis  of  the  synthesis  of  linear 
ones  it  is  polyurethane.  * 

By  essential  difference  it  is  polyurethane  from  all  other 
polymers  it  is  the  presence  in  the  polyurethane  chains  also  of  other 
types  of  chemical  bonds.  Specifically,  the  diversity  of  the  latter  in 
many  respects  determines  chemical  and  physical  property  it  is 
polyurethane  and  their  structure. 

Polyurethane  chain/networt  depending  on  molar  ratio  of  the 
components,  undertaken  for  syntnesis,  can  have  different  terminal 
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reactive  groups. 

Page  7, 

On  their  reactionary  character  are  based  the  aethods  of  the 
elongation  of  chains  or  oittarning  of  the  block  copolyaers.  So,  during 
the  reaction  of  two  aolecuies  it  is  polyurethane,  obtained  with  the 
excess  of  diisocyanate  and  uaving  terainal  isocyanate  groups,  with 
water  occurs  the  elongation  of  chain  and  the  eaergence  of  the  uric 
bond 


20CN— NCO  +  HOH  OCN— NH-CO— NH~~NCO  +  CO* 

The  analogous  elongation  of  chains  with  the  foraation  of  uric 
grouping  occurs  during  the  reaction  of  this  polyurethane  with 
diaaines 

OCN—NCO  +  HjNRNH,  +  (XN—NCO  OCM--NHCONH-R- 
— NHCONH—NCO. 


So  are  obtained  high-aoiecular  polyurethane,  in  aain  chain  of 
which  are  alternated  uretnane  and  uric  groupings. 

During  obtaining  of  concrete  polyurethane  aaterials,  especially 
three-diaensional  structure,  in  tue  main  chain  of  polymer  can  be 
present  other  types  of  bonds.  This  is  explained  by  the  fact  that 
during  foraation  it  is  polyurethane  they  occur/flow/last  and  other 
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reactions,  which  have  the  technical  value 


R_\  =C  =  0+ 


R'NH,  R-NH— CO-NH-R' 

R'COOH  ^  R-NH— CO-R'  -  CO. 

HOH  ->  RNH— COOH  -  RNHt-fCO.,  - 


R-N  =  C  =  O 

- '  R— NH— CO-NH— R. 


The  initial  naterials  of  addition  have  in  uric,  urethane,  aaide 
and  other  groups  the  reactive  atoas  of  hydrogen  which  with  increased 
tenperatures  interact  witn  isocyanates  with  the  foraation  of  the  new 
groupings 


R— NH— CO-OR 

^  yp«T«ii 


RNH-CX)-NH-R 

MoveiHHa 


r._NH-CO-R 

•MUA 


^  R— I— N-CO-O- 


,  :-R 

I  (!»— NH—  |— R' 
(AAOittaHaTHai)  rpynna 

+  R'N-C=-0  H.  R- 


;_n-co-nh-:-r' 

1  1 

CO-NH-  i-R 


SaypeToun  rpynna 


R- 


_N-CO- 

CO-NH- 


-R' 

R' 


(y^tHKAMoaeaaaaa  rpynn. 


Key:  (1).  urethane.  (2).  allopuanate  group.  (3).  urea.  (4).  biuret 
group.  (5) .  aaide.  (6)  .  acylurea  group. 

Page  8. 


Further  diversity  introduces  tne  reactions  of  the  diaerization  of 
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diisocyanates,  which  lead  to  the  focsation  of  the  uretdione  ring 


NCO  CH, 


NCO 

I 


L 


_•  N-^ 

\ \c/  \- 


NCO 


A 


Thus,  polyurethane  in  contrast  to  other  classes  of  polyners  are 
not  the  connections  in  chain  of  which  is  only  one  characteristic  type 
of  bonds.  In  a  nunber  of  cases  the  concentration  of  urethane  bonds  in 
polyner  can  be  compared  with  the  concentration  of  the  bonds  of  other 
types.  In  spite  of  this,  fundaaental  characteristics  of  this  class  of 
polyaers  they  are  determined  by  the  collaboration  of  isocyanates  in 
synthesis  reactions,  and  therefore  all  polyners  of  this  fora  are 
related  to  class  it  is  polyurethane. 


For  synthesis  it  is  polyurethane  three-dimensional  structure 
they  are  used  the  trifunctional  connections,  which  contain  either 
three  hydroxyl  groups  (for  example,  glycerin) ,  or  triisocyanate. 

These  methods  widely  are  used  during  obtaining  of  polyaeric  materials 
on  basis  it  is  polyurethane. 


During  the  study  of  srructure,  it  is  polyurethane  necessary  to 
bear  in  mind  the  kinetic  special  feature/peculiarities  of  reaction. 
Their  bond  with  structure  we  will  examine  separately.  However,  it 
should  be  noted  that  diisocyanates  depending  on  their  chemical 
structure  possess  varying  reactivity  -  with  minimum  speed  enter  into 


f 
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reaction  aliphatic  diisocyanates,  while  the  aroaatic,  especially 
containing  electron- acceptor  suostituents  (nitro-»  nitrile,  halide 
groups),  they  possess  the  increased  reactionary  character. 

The  reaction  rate  ot  isocyanates  with  alcohols  falls  upon 
transfer  froa  priaary  ones  to  the  secondary  hydroxyl  groups  and  fcoa 
those  saturated  to  unsaturated  aliphatic  glycols.  Aliphatic  priaary 
and  secondary  aaines  react  uirh  isocyanates  virtually  instantly.  If 
at  teaperatures  of  20-80**C  in  essence  occur  the  reactions  of 
diisocyanates  with  glycols,  water  and  diaaines,  then  at  the 
teaperatures  of  higher  than  lOO^C  occur  the  side  reactions,  which 
lead  to  the  formation  of  oranchings  and  cross-linkings.  The  rate  of 
these  reactions  grow/increases  with  a  teaperature  rise  in  greater 
degree  than  basic  ones. 

To  the  rate  of  the  various  reactions,  which  lead  to  foraation  it 
is  polyurethane,  affect  numerous  catalysts  -  organic  basis/bases, 
diaaines,  piperidine,  piperazine,  hydroxide  of  alkali  aetals,  acetyl 
acetonates  of  copper,  berylliua  and  vanadiua,  naphthenate  of  lead  and 
cobalt,  tributylol  and  aany  others. 

Page  9. 


The  action/effect  of  catalysts  is  propagated  not  only  to  the  aain 


DOC  =  79011101 


PAG£ 


reaction  of  diisocyanates  with  glycols,  but  also  to  the  side 
reactions,  bonded  with  the  foraation  of  urea,  allophanat,  biuret 
groups,  with  the  polyaecization  or  isocyanates  into  isocyanurate, 
etc.  [333].  All  this  leads  to  the  great  variety  of  reaction  products. 

Froa  short  survey /coverage  of  the  basic  principles  of  synthesis, 
it  is  polyurethane  evident  tnat  it  is  based  on  the  application/use  of 
connections  with  the  Isocyanate  groups,  which  are  characterized  by 
unique  reactionary  character  and  capability  for  aany  cheaical 
reactions.  Hacroaolecular  cneaistry  are  not  Known  other  aonoaers, 
except  isocyanates,  capable  or  such  a  large  number  of  different 
cheaical  reactions.  This  specrfrc  character  of  basic  aonoaer 
determines  the  diversity  of  the  types  of  cheaical  bonds  in  chains  and 
of  chemical  transformations  it  is  polyurethane.  This  creates 
possibility  within  the  Irarts  of  one  class  of  connections  ■>  it  is 
polyurethane  -  to  obtain  aaterrais  with  quite  diverse  properties.  The 
aore  detailed  inforaation  about  the  chemistry  of  isocyanates  and  the 
aechanisa  of  formation  it  is  polyurethane  they  are  represented  in 
works  [  1  14,  262,  333]. 

OBTAINING  POLYOBETHANG  CAOUTCHOUCS  [NATOBAL  BDBBEB]  AND  BUBBEBS. 

Urethane  caoutchoucs  are  very  promising  in  the  region  of 
practical  utilization  it  is  polyurethane.  Polyurethane  elastcaers  are 
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characterized  by  unique  properties  -  extreaely  high  strength  for  tear 
and  abrasion,  by  high  strength  and  elasticity. 

Polyurethane  elastomers  obtain  on  the  basis  of  oligomeric 
polyether/polyesters,  vhich  contain  the  terminal  hydroxyl  groups,  and 
diisocyanates.  Tern  "oligomer"  designates  the  low  molecular  polymer, 
obtained  during  the  reactions  ot  radical  telomerization  or  with  the 
polycondensation,  conducted  with  large  excess  of  one  of  the 
components,  oligomers  are  viscous  liquids,  and  their  molecules  are 
the  basic  building  blocK  ot  linear  high-molecular  chain.  Common 
molecular  weight  of  oligomeric  polyesters,  used  for  synthesis  is 
polyurethane,  it  composes  1000- iUOO. 

For  the  synthesis  c£  polyurethane  elastomers,  can  be  used  both 
simple  and  polyesters,  in  the  case  of  simple  polyesters,  use 
extensively  different  copolymers  -  oxide  of  ethylene  and  propylene, 
their  copolymers  with  tetranyarof uran  and  so  forth,  etc.  From 
polyesters  are  most  common  polyether/polyesters  on  the  basis  of 
different  glycols  (ethylene  glycol,  diethylene  glycol,  etc.)  and  of 
adipic  acid.  Basic  diisocyanates,  which  are  used  for  synthesis,  are 
toluene-2, 4-diisocyanate  (2,4-TDl) ,  1,5-naphthylenediisocyanate, 

4, 4*-diphenylaethanediisocyaaate,  1,6-hexanethylenediisocyanate 
(GNDI),  etc. 
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The  synthesis  of  polyucathaue  elastosers  occur /flov/lasts  in  two 
stages  [297]. 

Page  10. 

During  the  first  stage  fcoa  2  acles  of  oligomeric  polyether/polyester 
and  3  moles  of  diisocyanate  oht.aia  so-called  macro-diisocyanate,  or 
prepolyeer: 

OCN— R— NCO+HO — OH  +OCN— R— NCO+HO— OH+OCN— R— NCO 

I 

OCN— R— NH— CO— O — OCONH— R— NHCOO— OCONH— R— NCO. 
where  surging  line  designates  the  molecule  of  oligoester  or 
oligourethane  (macro-diisocyanate) . 

Prepolymer  -  viscous  irguia  or  easily  softened  solid.  Terminal 
isocyanate  groups  make  it  possible  to  elongate  chain  with  the  aid  of 
it  is  diamine  or  glycols  (hutanedtol,  triethylene  glycol,  etc.) . 

During  the  reaction  of  macro-diisocyanates  it  is  diamine 

initially  are  obtained  linear  polyurethaneurea 

OCN — NCO  +  HjN— R— NH,  +  OCN — NCO  +  H,N— R_NH, 

I 

— OC-NH — NH— CO— HNR— NH-CO— HN — NH— CO— NH— NH— 

The  excess  of  macro-diisocyanate,  which  did  not  enter  the 
reaction,  causes  the  cross-linking  of  chains.  During  this 
cross-linking  macro-diisocyanate  is  added  according  to  the 
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pceliminarily  forned  uric  loonds  nhich  are  sufficiently  reaction  with 
respect  to  diisocyanate  groups.  As  a  result  of  this  in  the 
cross-linked  rubbers,  appears  one  additional  type  of  bonds  -  biuret: 

-CX-HN — NH-CO-NH-R-NH-CO— HN — NH-CO— HN— R— NH— 

+ 

NCO 

1 

NCO 

-OC-HN — NH-CO-NH-R-NH— CO-HN — NH— CO-HN-R— NH— 

I 

-OC-HN — NH— CO- N'-R—NH— CO-HN — NH— CO— HN— R-NH— 


— fiNypCTOMM  /  (\ 

CBXM  V  > 

-OC-HN — NH-CO-N-R-NH-CO-HN — NH-CO-HN-R-NH- 
Key:  (1)  .  biuret  bonds. 

One  and  the  saae  nacru-dxisocyanate  serves  both  for  the 
construction  of  chains  and  tor  their  cross-linking,  which  is 
deter alned,  in  particular,  the  aiaost  identical  size/diaensions  of 
aesh.  In  this,  consists,  obviously,  one  of  the  reasons  high  strength 
and  saall  abradability  is  polyurethane. 

Page  11. 


CO 

I 

NH 

i„ 

lo 

I  ^ 


Elastoaers  with  analogous  properties  are  forned  also  when 
instead  of  diamine  for  cross-linkrng  is  taken  water.  With  splitting 
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CO^v  initially  is  foraed  linaai.  poiyurethaneurea,  nhich,  interacting 
with  the  excess  of  aacro^'diisocydnate,  leads  to  lengthening  of  chains 
and  their  cross- linking  with  the  fornation  of  biuret  bonds. 


During  obtaining  of  high-oolecular  products  for  cross-linking, 
can  be  also  used  the  reaction  of  the  reaction  of  nacro-diisocyanates 
with  diatonic  alcohols,  for  exaaple  by  butanediol. 


OCN — NCO  +  HO-R-OH  -i-  OCN — SCO  +  hO-R-OH 
i 

— OC-HN—NH— CO— O-R— O-CO— HN — NH— CO— O— R— O— 
+ 

NCO 

« 

! 

NCO 

t" 

-OC-HN — NH-CO-O-R-O-CO-HN — NH-CO-O-R-0- 


-^N-CO-O-R— 

to 

I 

NH 


NH 


lA 


C81i^H 


R- 


Key:  (1).  allophanate  bonds. 


Glycol  in  this  case  rs  taken  sonewhat  less  than  it  is  reguired 
for  f ull/total/conplete  saturation  diisocyanate.  The  excess  of 
nacro-diisocyanate  cross-iinxs  polymer  chains  because  of  reaction 
with  the  atoas  of  hydrogen  of  ucetnane  groups.  In  this  case,  appears 
one  additional  type  of  bonds  in  cnains  -  allophanate. 
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Coabination  of  the  exaained  methods  gives  the  possibility  to 
widely  vary  the  structures  or  tue  grid  of  rubbers  and,  thus,  to 
change  their  physicoaecnanical  or  characteristic,  especially  if  one 
considers  that  as  the  variables,  which  are  deterwining  properties,  it 
is  possible  to  select  oligomers  or  different  cheaical  structure  and 
■olecular  weight  and  different  diisocyanates. 

There  is  also  yet  another  possibility  of  obtaining  the 
cross-linked  polyurethane  eiastcioers  the  single-stage  method.  It 
consists  in  the  fact  that  into  oxigoester  with  its  synthesis  is 
introduced  a  small  guantity  of  trxatomic  alcohol,  for  example 
trimethylol  propane,  in  this  case,  is  formed  branched 
polyether/polyester. 

Page  12. 

In  the  course  of  its  reaction  with  diisocyanates  simultaneously  with 
a  chain  growth  occurs  the  cross-iinking  of  the  free  hydroxyl  groups 
of  the  introduced  triatomrc  aiconox. 


From  that  presented  it  is  evident  that  the  chemistry  of 
polyurethane  elastomers  has  in  efrect  unlimited  possibilities  of 
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changing  the  cheaical  structure  or  polyurethane  elastoaers.  Coanon 
for  all,  however,  resains  the  presence  of  four  basic  types  of  bonds 
(urethane,  uric,  biuret  and  aiiopnanate)  and  the  alternating  in  the 
chain  of  the  blocks  of  oligoaerrc  coaponent  -  oligoester  or  other 
hydroxyl-containing  connectrons  -  and  the  blocks,  introduced  by 
diisocyanate  component. 

POLTORETHANE  FIBERS. 

Fibers  on  basis  it  is  polyurethane  they  are  separated  into  two 
basic  classes.  The  first  includes  the  fibers,  analogous  to  other 
theraoplastic  fibers  of  tne  type  poliamide,  polyether/polyester,  etc. 
This  of  fiber  not  to  basis  linear  thermoplastic  crystalizing  it  is 
polyurethane,  the  chemistry  of  obtaining  such  fibers  consists  in  the 
synthesis  of  linear  products  during  the  reaction  of  the 
dihydroxyl-containing  short-chain  connections  (ethylene  glycol,  di-, 
triethylene  glycol,  1 , 4-outauedioi)  with  different  diisocyanates.  The 
most  widely  used  type  ct  polyurethane  fibers  -  perlon  0  -  is  obtained 
during  the  reaction  of  butanediol- 1, 4  with  hexamethylene 
diisocyanate.  Varying  the  components,  used  for  the  synthesis  of  the 
fibre-forming  polymers,  it  is  possible  to  change  the  melting  points 
of  polymers  and  their  physicomechanical  of  characteristic  [23]. 

The  second  class  of  polyurethane  fibers  includes  the  elastomeric 
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fibers,  which  possess  lioettr  or  thcee*d isensional 

three-disensional/space  structure.  This  group  o£  fibers  is  unique  in 
its  properties  and  does  not  nave  analogs  aaong  other  classes  of 
polyaeric  compounds.  The  elastoneric  fibers  into  which  enters  not 
less  than  85o/o  it  is  polyurethane,  there  were  for  the  first  tine 
published  in  the  USA  at  the  end  of  1960  because  of  their  chemical 
structure  they  they  possess  high  extension  at  break  (500-800o/o)  ,  by 
low  aodule/aodulus  of  eiasricity  and  high  elastic  deforaatlon. 

The  chemisffl  of  the  toraation  of  elastic  three-diaensional 
polyurethane  fibers  and  tncee-diaensional  polyurethane  rubbers  is 
analogous.  In  present  tine  tnere  are  various  forms  of  polyurethane 
elastoneric  fibers,  kncwo  under  different  firm  designations  tZy  era, 
Spandex,  7irayn)  [98].  for  their  ootaining  are  used  different 
polyether/polyesters  with  terainai  hydroxyl  groups  (sinple  and 
conplex)  and  diisocyanates  -  coluenediisocyanate, 

dipheny Inethane- 4, 4 ' -d iisocyanate,  1 , 5-naphthalenediisocyanate,  etc. , 
i.e.,  the  compounds  utilized  also  during  obtaining  of  polyurethane 
rubbers  and  rubbers. 

Page  13. 


Differences  in  the  methods  of  obtaining  bear  not  so  much  chemical  as 
technological  nature  and  are  associated  with  special  spinning 
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conditions  of  the  filanent  which  can  be  realized  by  the.  set  and  dry 
nethod.  Highly  elastic  polyurethane  fibers  depending  on  the  type  of 
the  reactions,  utilized  for  their  obtaining,  have  three-dlaenslonal 
and  linear  structure.  The  vital  difference  for  these  fibers  and 
polyurethane  elastomers,  from  other  rubbers  is  in  the  large  role  of 
physical  nodes  in  grid. 

The  basic  special  featur e/peculiar ity  of  the  structure  of 
polyurethane  elastomeric  tioers  is  alternating  the  blocks  of 
different  chemical  nature,  which  makes  it  possible  to  give  to  fiber 
the  necessary  textile  and  mechanical  properties.  In  detail  questions 
of  the  chemistry  of  elastomeric  polyurethane  fibers  are  examined  in 
works  [48,  298,  303  ], 

The  formation  of  the  hydrogen  bonds  between  groups  CO  and  NH  of 
adjacent  chains  to  a  certain  extent  replaces  chemical  cross-linking. 
The  rigid  segments,  which  contain  urethane  bonds,  are  the  nodes  of 
the  three-dimensional  physical  grid  whose  elastic  properties  are 
determined  by  pure/clean  polyether/polyester  blocks. 

POLTOHETHAHE  COATINGS. 


By  by  of  trial  and  error  of  the  components,  used  for  synthesis 
it  is  polyurethane,  to  them  it  is  possible  to  give  the  most  different 
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properties,  froi  three-diaeasioaai  ones  it  is  polyurethane,  in  which 
the  blocks  of  hydroxyl-containiny  coaponent  sufficiently  rigid  in 
coaparison  with  the  sane  in  rubbers,  it  is  possible  to  obtain 
three-diaensional  polyuretnane  iilas  and  coatings.  The  presence  of  a 
large  nuaber  of  polar  groups  provides  the  high  adhesion  of  coatings 
to  surfaces,  and  specific  properties  it  is  polyurethane  -  high 
physicoaechanical  properties  of  coatings.  The  basic  principle  of 
obtaining  coatings  is  based  on  the  utilization  of  polyfunctional 
connections,  which  ensure  tne  foraation  of  three-diaensional 
three-diaensional/space  grid.  As  polyf unctional  connections  are  used 
ter-  and  tetratoaic  alcohols,  branched  polyether/polyesters  and  their 
coabinations.  During  the  foraation  of  polyurethane  coatings,  occur 
virtually  the  sane  reactions,  tnat  during  obtaining  of  rubbers,  i.e., 
in  reaction  products  are  uesides  urethane  ones  also  uric,  biuret  and 
allophanate  bonds.  From  a  cheaicai  point  of  view,  are  very  inportant 
the  reactions  with  water,  since  the  solidification  of  varnish 
coatings  on  basis  it  is  polyurethane  usually  it  occurs  under 
conditions  for  contact  witn  aoisture  of  air. 

Page  14. 

Since  the  poly-f unctionality  of  initial  compounds  is  the  necessary 
condition  of  obtaining  tne  three-diaensional  coatings,  then  as  one  of 
the  coaponents  of  reaction  is  used  the  adduct  toluenediisocyanate 
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vith  tri««thylol  propane  and  dietiiylene  glycol 


CHjOCONH— 


NCO 


C,H,  -C:^^CH,OCO.\H— ^ 
\ 


/ 

\ 

/ 

/~CH, 


\ 


/ 


NCO 

-CH, 

NCO 


CH.OCONH-^  ^-CH, 


and 


OCN 

\  * 

CH,-^  ^_NH-C00-CH»-CH--0-CH,-CH,- 

NCO 

_0-CO-NH-^  ^-CH, 

I8  known  at  present  a  lar^e  naaber  of  aost  different 
coapositions,  used  for  ottaxain^  tne  polyurethane  coatings,  which 
Bake  it  possible  to  obtain  tae  coatings,  which  correspond  to  the  aost 
varied  reguir eaents.  however,  at  the  basis  of  all  aethods,  lie/rest 
one  and  the  saae  cheaical  princrpies  of  obtaining  three-diaensional 
strnctares. 


Obtaining  the  polyurethane  adhesive  coapositions  virtually  in  no 
way  differs  from  the  principles  of  obtaining  coatings.  In  each 
individual  case  the  cheaical  nature  of  coaponents  and  the  conditions 
of  the  solidification  of  coapositxon  select  so  as  to  ensure  the 
necessary  viability  of  coapositions,  the  teaperature  conditions  of 
solidification,  rate  of  processes,  etc. 
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FroB  that  presented  it  is  evident  that  the  diversity  of  cheBical 
structure  it  is  polyurethane  it  xs  deter ained  by  appLication/use  for 
their  synthesis  of  the  connections  of  the  aost  varied  classes, 
beginning  with  lov-aolecular  glycols  and  finishing  with  nunerous 
oligoesters  and  other  oligoBaric  coapounds  with  the  terainal  hydroxyl 
groups. 


the  presence  in  the  chains  of  different  types  of  bonds  does  not 
Bake  it  possible  to  already  consider  polyurethane  the  single  class  of 
polyaers  as,  for  example,  polyanides  or  polyacrylates. 

Feally/actually ,  by  the  only  common/general/total  sign,  which  gives 
the  basis  to  relate  polymers  to  polyurethane,  in  aany  instances  can 
serve  only  presence  of  uretnane  grouping. 

Thus,  the  special  f eatuce/peculiar ity  of  chenical  structure  it 
is  polyurethane  and  diversity  of  their  properties  they  are  deternined 
by  the  fact  that  for  synthesis  ace  used  the  initial  connections, 
which  relate  to  different  classes.  In  this  sense  there  is  no  problem 
it  is  polyurethane  as  such,  nut  there  is  a  problem  of  initial 
connections  for  the  synthesis  of  the  polymers,  which  contain  urethane 


groups 
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Page  15. 

Chapter  II. 

THBRMODTNAHIC  PROPERTIES  OF  SOi.UTiONS  OP  POLYORETH  A  RES, 

In  the  ezaaination  of  the  special  feature/peculiarities  of 
physical  and  aolecular  structures,  it  is  polyurethane,  first  of  all, 
necessary  to  dwell  on  the  flexioriity  of  aolecular  chains.  The 
flexibility  of  chains  as  tne  cnaracteristic,  which  is  inherent  only 
in  high*nolecular  conpounds,  deteraines  the  basic  physicoaechanical 
and  physical  properties  of  poiyaers.  The  inforaation  about 
flexibility  can  be  obtained  either  during  the  analysis  of  the 
properties  of  dilute  polyaer  solutions  or  froa  the  investigations  of 
the  sorption  of  vapors  by  poiyaers,  or  froa  data  in  aechanical  and 
relaxation  properties. 


PROPERTIES  OP  DILOTE  SOLUTIONS  Of  POLYURETHANES. 


By  the  specific  line  of  structure  it  is  polyurethane,  caused  by 


•MliMiMI 
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the  cheaisB  of  their  foraatioo,  is  alternating  in  the  polyner  chain 
of  the  sections  of  different  chesxcal  nature  residue/renainders  of 
the  nolecules  of  glycol  or  poiyetner/polyester  and  diisocyanate. 

Thus,  in  linear  polyner  chain  are  located  heterobonds  of  different 
nature*  besides  carbon'*carDoa  ones,  bonds  of  the  type  C-0~C  in  glycol 
and  sieple  polyether/polyesters*  oond  C-0-  in  polyesters,  bond 

II 

O 

-HH-CO-0-  and  so  forth.  The  diversity  of  heterobonds  nust 
significantly  affect  the  rlexroility  of  polyurethane  chain.  The 
flexibility  of  chain  deternxnes  tne  basic  physicochenical  and 
physicosechanical  properties  oi  polymers.  It  is  known  that  the  reason 
for  the  flexibility  of  chain  is  tne  presence  of  the  known  freedom  of 
rotation  around  the  valent  atomic  bonds,  which  generate  nolecules. 
This  rotation  to  a  greater  or  lesser  extent  is  braked  both  by 
intramolecular  and  intermolecular  rorces.  The  potential  threshold  of 
rotation  depends  on  the  type  of  valence  bond  and  nature  of 
substituents  in  the  appropriate  atoms  of  polymer  chain.  The 
examination  of  data  according  to  internal  rotation  in  organic 
molecules  [16]  shows,  in  particular,  that  the  internal  rotation 
around  bond  C-o  is  facilitated  in  comparison  with  rotation  around 
bond  C>C.  Therefore  it  is  possible  to  assume  that  the  polyner  chains 
with  heterobonds  of  the  type  polyethers  will  possess  the  increased 
flexibility. 
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On  the  other  hand,  the  presence  o£  the  strongly  interacting  polar 
groups  in  chain  had  to  cause  an  increase  in  the  barriers  of  internal 
rotation  and  stiffening  of  chain.  Coabination  in  one  polyaeric 
aolecole  of  different  types  of  ounds  deteraines  the  coaplex  character 
of  the  dependence  of  the  flexibility  of  chains  it  is  polyurethane  on 
their  cheaical  nature. 

On  the  basis  of  the  data  on  size/dinensions  and  geoaetric  fora 
of  aacroaolecules  in  solutions,  can  be  deterained  the  theraodynaaic 
(equilibriua)  flexibility  of  polyaer  chain,  which  is  characterized  by 
ratio/relation  of  the  not  disturbed  by  reaction  with  the  solvent 
size/diaensions  of  chains  (itf,)'’'  to  the  size/dinensions  which  would 
have  the  polyaeric  ball  auring  coapletely  free  running  of  all  links 

for  deteraining  this  value,  it  is  necessary  to  know  the 
size/diaensions  of  chain  in  ideal  (noninteracting)  solvent.  Value 

usually  deterained  by  calculation,  also,  for  the  chain,  which 
consists  of  n  of  valence  bonds,  oy  length  7  with  constant  valency 
angle  n  — 6  and  free  running^ 
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The  ieeediate  deterainata.oa  of  these  values  for  it  is  polyurethane 
hinder/haepered  on  two  reasons,  as  a  rule,  linear  polyurethane 
coeparati vely  low  aolecular  poiyeers,  which  liaits  the  possibility  of 
applying  the  method  of  iigat  scattering  for  deteraining  of  the 
dimensions  of  chain.  They  possess  the  limited  solubility  in  many 
organic  solvents,  which  decreases  with  an  increase  in  aolecular 
weight,  which  creates  diffxcuity  during  the  selection  of  ideal 
solvent. 

On  the  other  hand,  the  size/dimension  of  chain  under  the 
condition  for  free  running  cannot  oe  determined  from  the  equation, 
which  considers  only  C-C-bond  in  main  circuit.  Sizing  of  the  chains, 
in  which  are  alternated  two  or  considerably  more  than  the  types  of 
bonds  as  in  polyurethane,  is  more  complex  [16].  The  absence  in  a 
number  of  cases  of  precise  data  on  a  system  of  alternating  and  a 
quantity  of  heterobonds  in  chain  makes  such  calculations  with  those 
difficultly  attained.  Therefore  for  obtaining  the  information  about 
the  flexibility  of  polyurethane  chains,  it  is  necessary  to  use 
indirect  methods. 

Let  us  examine  this  question  based  on  the  example  of  the 
investigation  of  prepolymers  on  the  basis  of 
polydiethyleneglycoladipate  (aolecular  weight  4100)  and 
toluenediisocyanate,  and  also  polyurethane  on  the  basis  of  butanediol 
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aad  toluenediisocyanate  £96]. 

foe  low- Bolecolac  pcepoiyaecs  it  is  not  possible  to  directly 
detecaine  value  therefore  they  were  applied  the  graphic  nethod, 

proposed  by  Stockaayer  and  Frraao  £323^. 

Page  17, 

They  showed  that  the  Known  equation  of  Plory,  joining  intrinsic 
viscosity  with  aoleculac  weight  and  size/diaensions  of  chain, 

lnl  =  0(^V'/A< 


easily  Is  converted: 

hll  +  O,510BA1, 

B=V{\~2x{fiV,NA. 

where  o  -  a  partial  specific  voluae  of  polyaer  in  solution,  Vi  - 
BOlar  voluae  of  solvent,  X\  -  me  ther modynaaic  paraaeter  of 
reaction. 


This  relationship/ratio  aaKes  it  possible  to  deteraine  and 

B  by  initial  ordinate  and  slope/inclination  of  direct  dependence 

on  Ml'''  (Pig.  1),  kttec  assuaing  that  Plory's  constant  does  not 
depend  on  the  quality  or  solvent,  and  after  accepting  2,8  '  10*\  we 
find  value  (An  in  benzene  and  acetone,  equal  to  0.9  and  0.86,  but 


1 
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value  ‘  —  1.57  and  1.5U  cespectively.  During  such  a  calculation  of 

value  was  not  considered  the  effect  of  urethane  bonds  and 

benzene  rings  on  the  size/dieensions  of  chain,  since  bulk  of  chain 
consists  of  polyether/poiyester  segaents.  That  establish/installed 
for  the  prepoly ners  of  difterent  aolecular  weight  in  by  the 
dissinllac  relationship/ratio  ot  urethane  groups  linear  dependence 
Iginl  OB  IgAfu  shows  that  Ini  the  investigated  specinen/sanples  is 
really/actually  detecnined  only  ny  glycol  conponent  that  it  makes 
possible  calculation  (Ao/Al)’*. 

On  the  basis  of  the  theory  ot  Stockaayer  and  Fixnan  [323]  are 
investigated  the  soluticns  of  the  polyurethane,  obtained  fron 
polyoxyethyleneglycol  (aci.  weight  2000  and  1000)  and 
toluylenediisocyanate  it  was  established  that  value  (^/^,)'^*  =  1,54,  is 
coaparable  with  the  appropriate  values  for  it  is  polysiloxane  and 
rubbers  [  153  ]. 
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Fig.  1.  Dependence  Ini '  oa  m' <  for  prepolyaers  in  benzene  (1)  and 
acetone  (2)  . 


i 

1 

j 

I 

j 


Fig.  2.  Dependence  of  constant  of  Huggins  (K*)  on  tenperature  in 
benzene  (1)  and  met hylethyf ketone  (2). 

Page  18. 

For  calculation  {hilM)'''  it  is  possible  to  also  apply  the  equation 
of  Flory,  if  is  known  value  hie.  Data  [96]  showed  that  in  equation 
hi =  KMa  parameter  a  has  a  value,  common  for  the  solutions  of  pliable 
■acromolecules  in  good  solvents  (0.5<a<0.8)  237].  Calculated 
according  to  slope/inclinations  of  straight  lines  hl/^W'' and 
known  to  values  ^=0.900  (for  benzene)  and  0.887  cm*/g  (for  acetone) 
value  X,  coaposes  0.16>and  0.228  respectively.  Since 
I’ll  ~  Af 121 1 1  (f  -  parameter,  uonded  with  volume  effects),  then  the 
degree  of  swelling  a  can  be  deterained  by  equation 


f  =  ra*  —  I)  (5a*  —  3). 
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fSSse  foe  both  of  solvents  r  =  0,133,  Hhlch  brings  to  a=1.33.  Knowing  a, 
it  is  possible  to  calculate  [2b7]  |T]]e  and,  consequently  fcon 

the  ratio/celations 

“  =  (hi  hie)*-"*. 

Calculations  give  ==  0,86  and  U.84,  which  agrees  well  with  value 

(An 

Thus,  corrected  value  (Ao'Ac.)'"  shows  that  the  flexibility  of  the 
chain/networhs  of  low- molecular  prepolymers  exceeds  the  flexibility 
of  vinyl  polymers  and  is  comparanie  with  flexibility  it  is 
polysiloxane  and  rubbers  ^257], 

For  a  prepolymer  witn  Mo,  =  1.35-  10*  is  also  measured  the 
temperature  dependence  of  intrinsic  viscosity  in  benzene  and 
aethy lethylketone.  As  can  ne  seen  from  Fig.  2,  the  intrinsic 
viscosity  of  prepolymer  in  uenzene  falls  from  an  increase  in  the 
temperature.  The  value  of  temperature  coefficient  -jljj  — 1,09  •  10“’ 

is  characteristic  for  polymers  in  the  good  solvents  where  the 
thermodynamic  reaction  of  polymer  with  solvent  insignificantly  is 
changed  with  temperature,  and  oasic  effect  on 

ductility/toughness/viscosity  exerts  a  change  in  the  close-range 
interaction.  In  methylethylKetone  (t)|  calculation  with  an  increase  in 


DOC  =  79011102  PAGfJ 

the  tenpecature  and  =  4,16  •  10~*.  It  is  obvious  that 

■ethy lethy llcetone  is  poor  solvent.  Attention  is  drawn  to  also  the 
high  value  of  the  constant  or  Huggins  K'  (Fig.  2) which  in  benzene  in 
the  investigated  tenpecature  interval  is  not  virtually  changed*  but 
in  nethylethy llcetone  sharply  rt  falls  iron  a  tenpecature  rise. 

Transition  to  linear  polyuretnane  in  which  glycol  conponent  has 
a  snail  size/dimension,  oust*  uuvrously*  lead  to  stiffening  of  chain. 
For  linear  ones  it  is  polyurethane  on  the  basis  of  butanediol  and 
toluenediisocyanate  (nol.  weight  0. 2-0. 96»1 0*)  this  sane  by  method 
are  deternined  the  values  of  the  eguilibriun  flexibility  of  chains. 

It  was  established  that  (Aj/M)  ' --  1.03.  and  corresponding  to  it  value 

(ho/hr.'l  =  2.0. 

Page  19. 

This  ’ndicates  that  an  increase  rn  the  concentration  of  urethane 
groups  in  chain  leads  to  signrricaut  lowering  in  its  flexibility, 
which  in  this  case  is  conparaule  with  the  flexibility  of  the  chains 
of  connon  vinyl  polymers. 

The  given  data  really/actually  mate  it  possible  to  consider  that 


« 


the  flexibility  of  the  polyurethane  chains  is  characterized  in 
essence  by  the  flexibility  of  oligomeric  polyether/polyester 
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coaponeat.  In  connection  with  this  arises  a  question  concerning  the 
flexibility  strictly  of  cliqoaeri.c  aolecules.  The  study  of  the 
behavior  of  oligoaers  in  solutions  is  very  iaportant,  since  gives  the 
possibility  to  judge  also  the  properties  and  the  flexibility  of  the 
chains  of  those  three- diaensionai  polyaers  which  are  obtained  on 
their  basis,  flith  the  aid  of  rhe  nydrodynaalc  characteristics  of 
oligoaers,  it  is  possible  to  deteraine  their  size/diaension, 
configuration  and  reaction  with  solvent. 

(forks  on  the  investigation  or  diffusion  and 
ductility/toughness/viscosity  of  oligomers  it  is  very  little,  but 
inforaation  about  the  properties  of  the  oligoaers  of  the  esters, 
which  are  of  greatest  interest  for  synthesis  it  is  polyurethane,  they 
are  absent.  In  connection  with  this  it  is  expedient  to  dwell  on  those 
carried  out  by  Nesterov  and  Lipatov  studies  of  diffusion  and 
ductility/toughness/viscosity  ot  oligomers  on  the  basis  of  diethylene 
glycol  and  adipic  acid  with  a  aolecular  weight  of  from  2000  to  430 
[97],  The  curves  of  the  dependences  of  the  coefficients  of  diffusion 
and  intrinsic  viscosity  on  molecular  weight  have  a  slope/inclination, 
close  to  0.5.  The  corresponding  data  are  represented  in  Table  1,  from 
which  it  is  evident  that  the  absolute  values  of 

ductility/toughness/viscosity  in  acetone  are  somewhat  more  than  in 
ethanol.  This,  probably,  it  is  caused  by  different  effect  of  solvents 
on  the  skeletal/skeleton  hardness  (close-range  interaction)  of 
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chains,  but  not  to  volua^  ettects  (renote  action) .  Values  a,  close  to 
0.5,  indicate  that  the  (acaneter  oi  swelling  A  approaches  unity. 


i. 
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iTable  1.  Hydcodynaaic  chacactacistics  of  oligoBars. 


M 
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D-lt*’’.  * 

(*•»■/,.  A  1 
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Stall  0.1 

Q 
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c  1 

< 

C 

X 

<e 
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&■ 

a 

< 

n 

11  h 

'.lit 

1  1  .-r 

4.W 

600 

800 

1200 

2000 

0,0360 

0,0386 

0,0463 

0,05.‘i0 

0.0737 

0,0300 

0,0350 

0.0400 

0.0485 

O.OolO 

10.0  3.01 

8.9  2,48 

7.45  1  2.22 
6.3  1  1,8(,  1 
5.1  1  I..30 

1 

2.3.0  :  21.0 
26.0  ;  25.K 
31.0  1  29.0 
.'16.6  !  .14,5  i 
45.5  1  46.0 

i  i 

^  2  78  2.86 

1  2.85  ;  2.78 

2.80  ;  2..s:) 

!  2.86  1  2.92 

3.0.1  ‘  2.80 

1  1 

Note.  ^.  = where  -  viscosity  of  the  solvent. 

Key:  (1).  Acetone.  (2).  Etnaaoi.  (3).  dl/g.  (4).  ca^/s.  (5).  erg/deg. 

Page  20. 

Probably,  with  low  nolecuiar  weight  the  reaction  polyaer  -  solvent 
does  not  exert  a  substantial  inrluence  on  the  conforaation  of 
aolecules.  The  absence  ot  an  increase  in  the  exponent  with  n  with  the 
decrease  of  molecular  weigut  speaKs  that  for  the  chain  molecules  even 
of  this  light  molecular  weigtit  is  characteristic  small  hydrodynamic 
flowability.  This  differs  chea  iroa  semirigid  aolecules  of  the  type 
of  derivatives  of  cellulose  £148J.  In  that  case  of  the  property  of 
aolecules,  it  is  possible  to  describe  by  the  theories,  which  consider 
only  hydrodynaaic  reaction.  According  to  [225],  application/use  of 
persistent  model  in  the  b/drodynaaic  theory  of  Kirlcwood-Siseman  [247] 


lb 
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■akes  it  possible  to  detecaiue  the  persisteDt  length  of  aolecule, 
which  characterizes  its  tlexibriicy .  The  conducted  for  the  oligoners 
in  question  calculations  showed  that  for  the  chains  of 
oligodiethyleneglycoladipate  tae  persistent  length  is  8-8.6  A. 
Findings  also  attest  to  tue  fact  that  the  behavior  of  the  nolecules 
of  oligoaers  is  siailar  to  tae  hydrodynaaic  behavior  of  Gaussian 
balls  with  a  saall  hydrodynaaic  reaction. 
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'^ablo  2.  Characteristics  o£  oligosers  in  acetoae  aad  ethanol. 
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— 
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1  - 

— 

K0;ib  1 

(nOTMP)  1 

Key:  (1).  oligoaer.  (2).  in  acetone,  dl/g.  (3).  In  ethanol,  d^/g. 
(4).  in  acetone,  cn^/s.  (5).  xn  etnanol.  (6).  in  acetone.  (7).  in 
ethanol.  (8)  .  Polyethy leneglycoiadxpate  (PEGA)  .  (9)  . 
Polydiethyleneglycoladipate  (POfiGA) .  (10). 

Polytrlethyleneglycoladxpate  (PXhGA)  .  (11). 
Polyoxytetranethyleneglycoi  (POXNG) . 
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This  gives  the  possibility  to  use  the  relationship/ratios,  which  join 
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the  diffusloa  coefficieat  aad  the  size/diaensions  of  the  diffusing 
particles  -  ■  io~‘^r 

PjD  * 

for  detecaining  of  the  diaeasxons  of  the  aolecules  of  oligoaers. 
Calculated  values  (h^)''  for  tae  oligoaers  of  diethyleneglycoladipate 
are  represented  in  Table  1.  Value  in  ethanol  is  soaevhat  less 

than  in  acetone,  which  will  agree  with  differences  in  the 
ductility/toughness/viscosity,  tfatio/relation  equal 

respectively  in  acetone  and  ethanol  1.83  and  1.76,  is  close  to  the 
values,  obtained  for  ccaaon  higa-aolecular  rubbers. 

Thus,  the  investigation  of  diffusion  and  intrinsic  viscosity  of 
oligoaers  they  shoved  that  tne  hydrodynaaic  characteristics  of  these 
aolecules  will  agree  well  witn  the  sane  for  the  aodel  of  the 
non- 9  Gaussian  oalis,  although  this  and  not  Gaussian 

balls  in  their  coaaon  fora  due  to  an  insufficient  nuaber  of  links  in 
aolecular  chain. 

In  work  [98]  is  undectarea  tne  more  detailed  investigation  of 
the  properties  of  different  oligoaers  and  low-molecular  it  is 
polyurethane,  obtained  on  their  oasis,  by  the  methods  of  diffusion 
and  intrinsic  viscosity.  Mere  studied  oligoaers  of 
ethyl eneglycoladipate,  d let hyleneglycoladi pate, 
triethyleneglycoladipate,  hyaroxytetraaethy leneglycol  and 
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polyurethane  on  the  basis  oc  these  oligoners  and 

tolaene-2, 4-diisocyanate.  Tables  2  and  3  depict  the  characteristics 
of  the  investigated  objects  and  the  obtained  results.  Fron  dependence 
IghI  on  Ig  H  (Fig.  3)  it  is  evident  that  the  slope/inclinations  of 
straight  lines  for  all  oligoners  are  equal  to  O.S.  For  a  conparison 
this  sane  figure,  gives  dependence  Ig  It)]  —  igAf  for  polyurethane  on  the 
basis  of  diethyleneglycoladipate  and  2,4-TDl. 
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Fig.  3.  Dependence  iglni  on  Ig  H  for  the  solitticns  of  the  oligoaers  of 
hy droxytetramethyleneglycol  in  acetone  (1)  and  aethylethylketone  (2); 
PE6A  in  acetone  (3) ;  P1EGA  into  acetone  (4) ;  PDEGA  in  acetone  (5)  and 
standard  (6) ;  polyurethane  on  the  nasis  of  diethylene  glycol  and 
2a4~TDI  in  acetone  (7)  and  henzene  (8) ;  polyurethane  on  the  basis  of 
POPG  and  2*4-TDI  in  benzene  (9)  ana  nethanol  (10);  POPG  (11)  and 
polyurethane  (12)  in  0-solvent. 

Page  22. 

The  values  of  the  intrinsic  viscosity  of  oligoeecs  depend  on  the 
nature  of  solvent.  This,  pcooably,  it  is  caused  by  the  effect  of 
solvent  on  the  skeletal/sKeieton  nardness  of  nolecular  chain,  but  not 
volune  effects,  since  the  value  of  the  exponential  in  eguation  of 
type  Iml  =  KM"  (equal  to  0.5)  shows  that  the  paraaeter  of 
thecaodynaaic  swelling  a=1,  and  testifies  to  saall  hydcodynaaic 
flowability  of  all  investigated  aoiecules.  Froa  the  calculations  of 
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persistent  length  [^8]  it  follows  that  the  flexibility  of  the  chain 
of  oligoeers  has  a  tendency  toward  growth  with  an  increase  of  the 
nuaber  of  oxygen  atoas  j.n  cnain  in  accordance  with  deteraining  of  the 
diaensions  of  chains  froa  tne  coefficients  of  diffusion  (see  Table  2 
and  3) . 

Upon  transfer  to  polyurethane  (see  Fig.  3)  a  change  in  the 
intrinsic  viscosity  by  whole  depends  on  structure  and  properties  of 
oligoaeric  coaponent.  The  value  of  exponent  with  n  in  the  equation  of 
Rark-Hewing  is  more  than  0.5,  wuich  is  caused  by  the  effect  cf  volune 
effects  on  intrinsic  viscosity,  but  not  by  an  increase  in  the  partial 
flowability  of  balls  upon,  transfer  froa  oligcaer  to  polyurethane.  The 
points  of  dependence  Igirji  on  Ig  R  for  oligoaers  it  is  polyurethane  in 
9-solvent  they  are  stacked  to  one  straight  line  (see  Fig.  3) .  This 
confiras  the  absence  of  the  effect  of  urethane  groups  on  the 
theraodynaaic  flexibility  of  chain  for  the  case  it  is  polyurethane  on 
the  basis  of  oligoaers.  Tae  taecaodynaaic  flexibility  of  chains  was 
deterained  according  to  the  aetood  of  Stockaayer-Fixaan,  value 
’  were  given  in  Table  J. 
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'^able  3.  The  characteristics  of  solutions  it  is  polyurethane  in 
acetone  and  benzene. 
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nispA  - 

900 

5000 

0230 

__ 

2.90 

82,0 

1.1 

_ 

-  TJIiU 

2020 

4700 

0.200 

3..32 

70.0 

1.1 

__ 

_ 

nOTMF 

2000 

15  600 

0.630 

_ 

1.31 

181.0 

1.1 

— 

-  t;ihu 

1000 

6700 

0..480 

— 

2.02 

118.0 

I.I 

) 

— 

— 

Key:  (1).  Polymer.  (2).  olxgoeer.  <3) .  polyner.  (4). 
dX/9*  (5).  in  benzene,  cil/g.  (6).  in  acetone,  cn^/s. 
(8) .  benzene. 


in  acetone, 
(7)  .  acetone. 


Page  23. 

During  calculation  (Ac.)  '  they  uxscegarded  the  contribution  of 
urethane  groups  on  the  basis  of  the  fact  that  the  points  in 
direct/straight  7  Pig.  J  were  obtained  for  polyurethane  from 
diethyleneglycoladipate  and  whose  oligomeric  components  have 

different  molecular  weight  (from  8U0  to  4000)  and  nevertheless  they 
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ace  stacked  well  to  one  stcaigkt  line.  As  another  confiraation  serves 
the  fact  that  dependence  ^^^91  on  Ig  n  for  polyurethane  on  the  basis 
of  polyoxypropyleneglyccl  and  2«4-TDl  is  described  by  one  straight 
line  for  oligoner  and  polyurethane. 

The  nethod  of  StocKaayer-Fxxaan  is  applied  also  for  evaluating 
the  undisturbed  size/diaensions  cor  linear  PU  on  the  basis  of 
ethylene  glycol  and  4, 4*-dipaenylBethanediisocyanate  according  to  the 
data  of  viscosiaetry  at  O-poiut  whxch  was  created  with  the  aid  of 
binary  solvent  [  172].  In  this  case  for  nine  fractions,  is  found 
relationship/ratio  ii|l  3,61  •  which  is  very  close  to  the 

results,  presented  above,  index  a*0.62'0.66  for  linear  PU  on  the 
basis  of  4«4 '-diphenylaetnauedxxsocyanate  and  polycaprolactone  is 
detersioed  in  [298].  The  results  or  the  investigation  of  those 
branched  it  is  polyurethane  [iOU]  they  will  agree  with  general  laws 
governing  the  properties  of  solutions  of  PU . 

The  flexibility  of  polyurethane  chain  is  deterained  in  essence 
by  the  properties  of  units  -  olxgoesters,  and  therefore  the  study  of 
their  behavior  in  solutions  and  xn  nass  has  inportant  value  for 
understanding  of  structure  of  pU. 

Are  studied  soae  pacaaeters  (intrinsic  viscosity,  specific 
voluae  and  second  virial  coeffxcxent)  of  polypropylene  glycols 
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depending  on  the  eolecular  wexght,  which  lies  within  the  linits  froa 
300  to  5000  [310].  For  finding  ot  constants  in  6- point,  is  used  the 
equation  o€  Stocknayer-fixadn.  According  to 

ductility/toughness/viscosity  and  aolecular  weight,  are  deterained 
the  size/diaensions  of  the  nails  ol  the  branched  and  linear  aolecules 
which  in  tetrahydrof uran  do  not  depend,  but  in  toluene  they  depend  on 
branching . 
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Fiq.  4.  The  dependence  ot  tne  sj.ze/diinensions  of  the  balls  of 
polypropylene  glycols  cn  iBoieculat  weight:  1  -  on  the  basis  of 
2, 3-propyleneglycol  in  tetrahydrof uran,  2  -  propy leneglycol  and 
glycerin  in  tetrahydrof uraa,  3  -  3-propyleneglycol  in  toluene. 

Page  24. 


So,  Pig.  4  gives  dependence  on  aulecular  weight  of  the 
size/dieensions  of  balls  in  toluene  and  tetrahydrof uran  during  sizing 


according  to  the  equation 

~l  j  • 

in  which 

0  =  01—  2.67f  +  2.86g*).  0  =  2,84  •  10«,  e  =  2/3  (a  —  0.5). 


where  a  -  an  exponent  of  the  eguatxon  of  Rark-Hewing.  In  this  case 
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it  was  reveal/detected  that  upon  transfer  fro*  the  low-  to 
high-aolecular  products  occurs  a  change  in  the  confornation  of 
■olecules.  Is  very  inportant,  rro*  our  point  of  view,  the  nolecular 
association  in  toluene  wrth  aolecular  weight  cf  less  than  800,  which 
was  reflected  in  the  dependences  oi  the  constants  of  Huggins  on 
degree  of  association,  is  shown  also  the  possibility  of  describing 
the  behavior  of  low-molecular  olrgomers  from  the  point  of  view  of  the 
theories,  developed  for  high-aolecular  chains.  To  accurate  account 
chain  conformations,  it  is  necessary  to  conduct  strict  sizing  of 
chains,  under  the  condition  for  tree  running,  with  the  for  accurate 
estiaation  of  all  types  of  bonds  both  in  the  oligomeric  unit  and  in 
diisocyanate.  Such  calculatrons  are  sufficiently  difficult.  The 
exaaination  of  configuration  statistics  of  the  poliamide  chains, 
simpler  in  comparison  with  polyurethane  which,  however,  contain  a 
large  number  of  different  bonds  within  each  monomer  unit,  it  showed 
the  contribution  of  these  bonds  to  the  size/dimensions  of  chains 
[216].  Subsequently  it  is  expedient  to  transfer  the  proposed  in  this 
work  calculation  methods  on  polyurethane.  Given  data  make  it  possible 
to  consider  that  for  obtaining  the  information  about  the  properties 
of  oligomers  and  prepolyuers  it  is  possible  to  use  the  existing 
statistical  theories,  developed  tor  pliable  macromolecules.  This 
shows  that  comparatively  low-molecular  units  possess  their  own 
flexibility  as  linear  high-molecular  chains.  From  this,  manifestation 
of  the  flexibility  of  macromolecules  in  the  grids  of  polyurethane 
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elastoaecs  on  the  basis  o£  ^cepoiyners  not  only  the  result  of  their 
cross-linking  into  the  long  seguence  of  coaparatively  short 
oligoaeric  cuts,  but  also  tne  result  of  its  own  flexibility  of  the 
■olecules  of  oligomers.  The  flexibility  of  polyurethane  chain  is 
really/actually  determined  in  essence  by  glyccl  component,  since  its 
properties  can  be  well  explained  independent  of  a  number  of  short 
rigid  units  in  molecules  oy  the  theories,  developed  for  linear 
networks. 

SORPTION  PROPERTIES  OP  POL! OBliTaANES. 

Oligomeric  molecules  with  comparatively  low  molecular  weight 
possess  their  own  flexibility,  and  therefore  the  flexibility  of 
polyurethane  chain  is  determined  by  three  basic  factors  -  its  own 
flexibility  of  oligomeric  units,  tneir  concentration  in  chain  and 
number  of  urethane  groups  in  chains.  The  latter  influence  the 
equilibrium  flexibility  of  chain,  also,  to  greater  degree  -  to  the 
nobility  of  macromolecules  in  the  condensed  phase,  since  the 
flexibility  of  macromolecules  depends  not  only  on  intramolecular,  but 
also  on  internolecular  interaction,  which  cannot  be  taken  into 
account  during  the  estimation  of  flexibility  according  to  this  with 
the  properties  of  dilute  solutions. 


Page  25 
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Is  feasible  also  the  thecaodyaaaic  approach  to  the  estisation  of 
the  flexibility  of  chains,  Maicn  consists  in  the  calculation  of  the 
value  of  the  segnents  of  chain  BOlecule.  By  value  of  segment,  is 
understood  the  value  of  molecular  weight,  which  they  must  have 
molecules  of  polymer  so  tnac  the  polymeric  system  would  be 
subordinated  to  common  for  low-molecular  bodies  thermodynamic  law 
[132].  Finding  the  value  of  segment  from  thermodynamic  data  is  based 
on  the  measurement  of  tne  sorption  of  vapors  of  solvents  by  polymers 
and  determination  according  to  the  law  of  Raoult  of  the  effective 
(seeming)  molar  fraction  of  polymer  in  solution,  whence  is  calculated 
effective  molecular  weight  of  pclyaer  or  segment.  A.  A.  Tager  and 
coworkers  for  it  is  polyurethane  different  degree  of  reticulation, 
but  with  the  identical  concentration  of  urethane  groups,  were  studied 
the  sorption  isotherms  of  dioxane,  in  which  the  investigated 
polyurethane  were  dissolved  or  swelled  athermically  [131].  Findings 
showed  that  the  sorption  capacity  of  those  investigated  was 
polyurethane  and  the  thermodynamic  affinity  for  them  of  solvent  they 
depend  only  on  chemical  nature,  nut  not  from  the  degree  of 
reticulation,  which  was  regulated  in  such  a  way  that  molecular  weight 
of  the  cut  of  the  chain  between  network  points  varied  from  2000  to 


( 


I 


27000 
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Are  studied  poLydiechyieoesuccinate  urethane^ 
polydiethyleaeglycoladipiaate  ucetAane  and 

polybutyleneglycoladipinate  uretiiaae  vith  application/use  Cor 
synthesis  is  polyurethane  2,4-11)1  £131].  The  flexibility  they  judged 
by  the  calculations  of  change  of  entropy  of  nixing  for  different 
systeas  (Fig.  5) .  The  course  of  changing  the  entropy  indicates  a 
regular  increase  in  the  flexibility  of  chains  with  an  increase  in  the 
nunber  of  aethylene  groups  oetween  ester  bonds.  The  authors  [131] 
set/assune,  that  this  conciusion/derivat ion  is  confirned  by  the 
values  of  thernodynanic  segments,  equal  for  polydiethyl enesuccinate 
600,  polydiethyleneglycoladxpate  4U0  and  poly diethy leneglycolsebacate 
300.  These  values  are  less  man  tne  size/dinensions  of  the 
thernodynamic  segnents  of  poiyisooutylene,  polyethylene,  etc.,  which 
indicates  the  great  flexibility  of  chains  it  is  polyurethane,  caused 
by  the  presence  of  flexible  members  C-O-C, 
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Pig.  5.  The  dependence  ot  antcopy  of  nixing  on  the  conposltion  of  the 
solution:  1  -  polyurethdoasuccinate;  2  ~  polyurethaneadipate;  3  - 
polyurethanesebacate . 

Key:  (1)  .  J/g . 

Page  26. 

The  thernodynanic  paranetacs  ot  gtids  do  not  depend  on  their 
denseness,  and  the  authots  this  join  with  the  low  value  of 
thernodynanic  segnent,  since  the  oininum  distance  between  network 
points  conposed  2300,  which  considerably  exceeded  the  size/dinensions 
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of  thee  sod  ynanic  segment,  liouever,  they  did  not  use  their  data  for 
calculating  the  value  or  the  segment  of  chain  in  grid,  but  actually 
was  conducted  the  correlation  of  data  on  the  thermodynamics  of 
sorption  and  flexibility  of  the  chains  of  polyether/polyesters, 
entering  the  grid. 

Thus,  the  presentation/coucepts  of  the  flexibility  of  the  chains 
of  linear  polyether/polyesters  are  unjustifiably  postponed  by  the 
flexibility  of  chains  it  is  polyurethane  in  grid.  Furthermore,  it  is 
veil  knovn  that  by  the  specific  line  of  structure  is  polyurethane  it 
is  the  large  contribution  of  physical  reactions  to  effective  network 
density,  as  a  result  of  which  the  effective  network  density, 
calculated  by  physical  methods,  always  considerably  more  than  that 
that  is  determined  from  the  stoicniomet ric  relationship/ratio  of  the 
components,  undertaken  for  synthesis.  Therefore  the  results  of  this 
work  it  is  not  possible  to  consider  sufficiently  reliable. 

Meanwhile  is  of  interest  precisely  the  flexibility  of  polymer 
chains  in  three-dimensional  grid  and  change  in  the  flexibility  of 
chain  with  its  entry  into  grid,  since  flexibility  depends  on 
intermolecular  interactions  and  bond  between  chains. 

For  explaining  this  guestion,  are  investigated  sorbing  vapors  by 
polyurethane  on  the  basis  of  different  oligomers  and 
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toluenediisocyanate  ffabla  4)  £71]. 

MetMork  density  was  evaluated  in  contrast  to  £131]  on  the  basis 
of  data  according  to  equilliitiua  elasticity  sodulus,  which  wade  it 
possible  to  consider  cheexcal  and  physical  network  points.  As  can  be 
seen  from  Fig.  6,  the  sorption  isotherns  of  dioxane  by  the  studied 
polyurethane  take  the  S-shaped  fora  and  differ  fron  those  obtained  in 
work  £131  ]. 


1 


i 
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■^able  U.  Characteristics  it  is  polyurethane,  investigated  by  sorption 
method. 
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Key:  (1).  Speciaen/saaple.  (2).  Polyether/polyester.  (3). 
Cross-linking  agent.  (4j  .  nolar  ratio.  (5) .  experiaental.  (6) . 
Diethyleneglycoladipat e- IbOU.  (7).  Triethanolamine  *■  diethanolamine. 
(8).  Diethyleneglycoladipate- 1600.  (9).  the  sane.  (10). 
Oligobutadienediol- 1600.  (11).  Triethanolamine.  (12). 
Oligoisoprenediol-2000 .  (U).  Tne  same. 

Page  27, 

The  analysis  of  isotherms  saous  that  for  polyurethane  1  with  the 
greatest  (see  Table  4)  is  observed  the  greatest  sorption.  For  the 

specimen/sample  of  the  same  nature,  but  with  smaller  the  value  of 
sorption  is  smallest.  Tt  should  be  noted  that  the  value  of  the 
sorption  of  dioxane  by  polyurethane  3  and  4,  in  spite  of  their 
different  nature,  they  are  close  to  each  other  with  comparatively 


f. 
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saall  pressures  of  vapors  (to  SUo/o) .  with  P|/Po=50o/o  value  of  the 
sorption  of  dioxane  these  polyuretnane  they  are  characterized  by. 

For  the  investigation  of  teaperature  effect  on  sorption,  are 
obtained  the  isotheras  at  25  and  U0°C  (Pig.  7).  In  all  cases  the 
initial  sections  of  isctheriBS  with  40*’C  lie/rest  above  the  sane  with 
25**C,  i.e.,  in  this  case  wito.  an  increase  in  the  teaperature,  occurs 
the  increase  in  the  sorption  of  dioxane  which  usually  is  observed  for 
polymers  and  is  explained  ny  an  increase  in  the  aobility  of  the 
segaents  of  aacroaolecuies.  Uith  rhe  large  vapor  pressures  the 
sections  of  isotherms  with  25^C  iie/rest  above  than  at  40°C.  This  can 
be  caused  by  existence  in  solid  polyurethane  of  the  conforaational 
transition  near  40®C,  wnicn  is  caused  by  the  partial  destruction  of 
interaolecular  hydrogen  bonds.  It  is  obvious,  with  the  vapor  pressure 
of  approximately  50o/o,  concentrations  of  dioxane  in  system  reach  its 
critical  value,  after  which  occur  the  changes  in  the  structure  of 
those  cross-linked  it  is  polyurethane. 
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Pig.  6.  Isotheras  of  sorption  ot  dloxane  of  polyurethane  on  the  basis 
of  DBGA  and  TDI  (1,  2),  oiigobutadxenediol  and  TDI  (3)  and 
oligoisopcenediol  (4)  at 


2a  so  100  20  so  5  % 


a 

Pig.  7.  Sorption  isotheces  of  dioxane  of  polyurethane  with  2  5*’C 
(unbroken  curves^  and  40^0  (dotted  curves),  a)  polyurethane  1  (1)  ; 
polyurethane  2  (2);  b)  polyuretaane  3,  (1);  polyurethane  4  (2). 

Page  28. 

Since  polyurethane  are  characterized  by  the  presence  of  a  large 
nuaber  of  physical  bonds,  it  can  oe  assueed  that  daring  selective 
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reaction  with  solvent  (uitn  its  specific  concentration)  occurs  the 
redistribution  of  physical  bonds  in  the  three-dinensional/space  grid 
of  polyurethane.  This  leads  to  tne  appearance  of  a  structure,  which 
differs  fron  initial,  and  to  a  cnange  in  its  behavior  during 
sorption.  This  nobility  and  light ness/ease  of  the  rearrangenent  of 
three-dinensional/space  grid  -  one  of  the  specific  special 
feature/peculiarities  of  rae  structure  of  three-dinensional  onei..  it 
is  polyurethane.  Thus,  during  the  sorption  of  vapors  of  solvent,  as 
with  swelling  it  is  polyurethane  (70),  the  network  density  of 
physical  bonds  it  is  changed.  Therefore  for  the  calculations  of 
thernody nanic  functions,  are  used  only  the  sections  of  isotherms  to 
50o/o  of  relative  vapor  pressure  which  corresponds  to  the  beginning 
of  a  change  in  structure  £71]  (fable  5). 

In  connection  with  the  tact  that  a  change  of  the  enthalpy  in  the 
investigated  cases  is  consideraole  in  its  value,  the  deter nination  of 
the  segnent,  which  characterizes  the  flexibility  of  chain,  fron 
sorption  data  [132]  erroneously,  since  the  value  of  sorption  here  is 
deter ained  not  only  fron  a  change  in  the  nunber  of  chain 
conforaations,  but  also  fron  a  change  of  the  energy  barrier  of  the 
rotation  of  the  cuts  of  chains  in  grid,  that  is  reflected  in  AH. 
Therefore  a  change  in  the  flexibility  of  chains,  can  be  judged  fron  a 
change  in  the  partial  specific  enthropy  of  polyner  TAS2  (Fig.  8).  For 
polyurethane  on  the  basis  of  oligouiethy leneglycoladipate,  a  change 
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in  the  entropy  depends  on  the  degree  of  the  cross-linhing :  TAS2  is 
■ore  for  polyurethane  with  tne  snaller  degree  of  cross-linking.  This 
indicates  an  increase  of  the  flexibility  of  the  cuts  of  chains  in 
grid  during  the  decrease  of  the  effective  density  of  cross-linking. 
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daring  the  sorption  (designations  see  In 


enthropy  it  is  polyurethane 
Table  3)  . 


Key:  (1)  •  cal/g. 
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'^able  5.  Changes  in  the  thejLaodyuaaic  functions  during  the  sorption 

of  vapors  by  polyurethane. 
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Key:  <1) .  cal/g. 
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The  dependence  of  flexioj.lity  on  tne 
based  on  exanple  it  is  polyurethane 
which  are  characterized  by  only  tne 
for  it  is  polyurethane  on  the  basis 
for  oligobutanedienediol,  i.e.«  the 


nature  of  oligoaer  can  be  traced 
on  the  basis  of  oligodienediols 
nature  of  oligoners.  Change  TAS2 
of  oligoisoprenediol  less  than 
flexibility  of  chain  is  less  for 


the  three-diaensional/space  grid  of  polyurethane  on  the  basis  of 
oligoisoprene.  This  can  be  explained  by  the  presence  in  the  chain  of 
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oligoisoprene  of  nethyl  gcoup,  which  purely  geoaetrically  Units  the 
flexibility  of  chain.  Hawaver*  the  effect  of  the  nature  of 
oligodienediol  the  degree  of  flexibility  affects  not  as  strongly,  as 
a  change  in  the  degree  of  cross-linking  for  it  is  polyurethane  on  the 
basis  of  esters. 

Thus,  the  conducted  investigations  showed  that  the  flexibility 
of  the  cuts  of  chains  in  the  three-dinensional/space  grid  of 
polyurethane  is  defined  by  noth  the  chemical  nature  of  unit  and  by 
degree  of  the  cross- linxing  of  gnu.  Hence  it  follows  that  the 
estimation  of  the  flexibility  of  chains,  produced  for  linear 
■olecules,  cannot  be  transferred  to  the  systems,  in  which  the 
molecules  are  cross-linked  aau  will  form  three-dimensional  grid. 
Beally/actually,  the  more  number  of  conformations  accepts  chain,  is 
those  more  it  pliable,  it  is  logical  that  with  entry  into  grid  a 
number  of  possible  conformatious  is  limited.  In  the  case  in  question 
the  presence  of  intermolecular  interactions,  which  depend  on  chemical 
network  density,  changes  the  potential  threshold  of  rotation  and, 
correspondingly,  the  flexibility  of  the  cuts  of  the  chains  between 
nodes  even  when  the  distance  between  them  exceeds  the  value  cf  the 
thermodynamic  segment,  fcund  for  the  uncombined  in  grid 
high-molecular  chains.  It  is  implied  that  the  chain/network  as  is 
uniform  in  the  ratio/reiatiou  to  flexibility,  i.e.,  is  not  examined 
separate  effect  on  the  sorption  of  rigid  and  pliable  units.  This 
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approach  is  peraissible  for  obtaining  the  coanon  picture  of  behavior 
it  is  polyurethane  during  the  investigation  of  the  sorption  of  the 
substances,  which  are  solvents  tor  both  of  units  of  chain. 

nore  strictly  one  shouia  exaaine  and  demarcate  sorption  by 
separately  rigid  and  pliable  sections.  Such  data  can  be  obtained 
during  the  study  of  the  gas  hirrusion  or  pecoeability  of  vapors. 

Page  30. 

For  example,  during  diffusion  Co^  m  polyurethane  [178]  it  is 
establish/installed,  that  the  dittusion  coefficients  in  thea  are 
considerably  lower  than  in  otner  rubbers.  This  is  bonded  with  the 
fact  that,  in  spite  of  siguificant  flexibility  of  the  individual 
sections  of  chains,  strong  interaoiecula r  interaction  as  a  result  of 
the  formation  of  hydrogen  oonds  is  led  to  more  tight  packing  of 
chains.  This  effect  prevails  above  the  effect  of  the  flexibility  of 
the  separate  cuts  of  chains. 

Analogous  conclusions  are  aade  during  the  study  of  the  transfer 
of  the  water  through  polyurethane  rilas  with  different  nature  of 
pliable  unit  [311]. 

It  is  necessary  to  note  that  in  the  exaaination  of  the 


\ 
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properties  of  polyurethane  aaterxais  we  we  can  clash  with  the  case 
when  the  flexibility  of  poiyaer  cnains  in  aaterial  is  deterained  also 
by  the  special  feature/pecuixarxtiws  of  aaterial,  for  exaaple  for 
those  filled  it  is  polyurethane  or  polyurethane  coatings.  In  work 
t47]  are  investigated  changes  in  tne  theraodynaaic  functions  cf 
polyurethane  coatings  on  rne  basis  of  polyetherglycol 
(tetrahydrof uran  '»'25o/o  propylene  oxide)  of  aol.  weight  2000  and  1000 
and  of  adduct  of  trinethy iopropane  with  2,4-TDI,  and  also 
polyurethane  on  the  basis  or  oiigonydroxybuty leneglycol  and  TOI, 
obtained  during  the  reactron  or  Tbi  with  tetrahydrof uran  also  of 
filled  with  20o/o  colloidal  gcapnite  f^able  6)  . 
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■^abl«  6.  The  characteristics  ot  sose  it  is  polyurethane. 
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Key:  (1).  Oligoetherglycoi.  (2)-  Crosslinking  agent.  (3).  Type  of 
rigid  surface.  (4).  oliychydroxyijutyleneglycol.  (5). 

Dichloro-4» 4* -diaminophenyiene.  (3a).  The  saae.  (6).  colloidal 
graphite.  (7).  Triaethyioi  propane.  (8).  Aluainun  base. 


POOTMOTE  *.  Value  is  deteraraed  according  to  swelling. 
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Fig.  9.  Sorption  isothexas  xt  is  polyarethane  on  the  basis  of 
oligohydroxybutyleneglycol  asd  toluenediisocyanate  with  30®C  [2,  4) 
and  40*C  (1,  3):  1,  2  -  filled  with  20o/o  of  colloiaal  graphite;  3,  4 
-  not  filled. 

Page  31. 

Isotherns  of  the  sorption  of  toluene  by  the  studied  polyurethane 
are  represented  in  Fig.  9.  The  isotherms,  which  characterize  sorpticn 
with  40®C,  lie/rest  in  entice  intecwal  of  the  relative  pressures  of 
the  vapors  higher  than  analogous  isotherms  with  30®C.  h  similar 
increase  of  sorption  with  an  increase  in  the  temperature  is 
characteristic  for  polymers  and  it  is  caused  by  an  increase  in  the 
mobility  of  the  segments  of  maccomolecules. 

tie  noted  that  during  the  sorption  of  vapors  of  dioxane  by  some 
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polyurethane  at  different  teapecatures  was  observed  the  intersection 
of  isotherss  at  40  and  25oc  uith  tne  specific  pressure  of  the  vapors 
of  dioxane.  Taking  into  account  that  the  fact  that  dioxane  is  capable 
to  fors  hydrogen  bonds  with  urethane  groups  [12],  is  sade  the 
assuaption  about  the  redistribution  of  physical  bonds  in  the 
three-dinensional/space  grid  or  polyurethane  as  a  result  of  reaction 
with  solvent  with  its  specirrc  concentration,  which  leads  to  the 
emergence  of  the  effective  tnree-diaensional/space  grid,  different 
froB  initial,  to  a  change  in  tne  behavior  during  sorption.  Toluene, 
in  contrast  to  dioxane,  is  latent  solvent  with  respect  to 
polyurethane,  that,  probably,  it  arfects  the  character  of  isotherms. 

Introduction  to  polyurethane  on  the  basis  of 
oligohydroxyl- utyleneglycol  and  toluenediisocyanate  20o/o  graphite  as 
filler  leads  to  an  increase  rn  the  sorption  of  toluene  (Fig.  9,  1, 

2) .  Fron  the  comparison  of  tne  sorption  isotherms  of  toluene  by  free 
polyurethane  films  and  films  on  the  aluminum  foil  it  is  evident  that 
the  presence  of  rigid  surface  contributes  to  the  decrease  of  sorption 
(Fig.  10)  . 
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Pig.  10.  The  sorption  isothecas  of  toluene  by  polyurethane  on  basis 
7gf-1000-25o/o  OP  (a)  and  TGF-2000-25o/o  OP  (b)  at  30®C  (2,  4)  and 
40®C  (3):  1,  2  -  free  fila;  3,  4  -  film  on  foil. 

Page  32. 

On  the  basis  of  sorption  data,  are  calculated  changes  in  the 
theraody naaic  functions  -  partial  tree  energy  of  polyaer  and  solvent, 
enthalpy  and  entropy  of  polyaer  and  solvent.  On  a  change  of  the 
flexibility  of  polyaer  in  this  case,  they  judged  by  a  change  in  the 
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entropy  of  polyner  TAS2  (Fig.  1 1) «  Changes  in  the  partial  specific 
enthropy  of  polyaer  are  aoce  tor  the  filled  with  graphite 
speciaen/saaple,  than  for  taat  not  filled  (Pig.  11a).  On  the  other 
hand,  T&Sg  is  greater  for  free  xilns,  than  for  the  filas,  nolded  in 
the  presence  of  rigid  surface  (Frg.  11b).  Consequently,  the  effect  of 
rigid  surface  the  flexibility  of  chains  in  grid  dissinilarly  affects 
in  the  described  cases.  For  the  explanation  of  this  effect,  it  is 
necessary  to  take  into  consrderatiun  following:  the  introduction  of 
filler  to  polynerizatioE  iiaits  the  nobility  cf  polyaer  chains  and, 
therefore,  nust  decrease  there  conformational  collection  and  change 
in  the  entropy  during  sorptron.  dut  the  linitation  of  the  nobility  of 
the  growing  polymer  chains  as  a  result  of  their  reaction  with  filler 
leads  to  the  energence  of  the  acre  defective  grid,  which  is 
characterized  by  a  smaller  nuaber  of  chemical  nodes  in  conparison 
with  the  grid,  formed  in  the  absence  of  filler  [63,  68],  which  causes 
an  increase  in  the  entropy  of  polyaer.  It  is  obvious,  when  strongly 
extended  surface  of  filler  rs  present,  an  increase  in  the  entropy  of 
polymer  doe  to  the  defectiveness  of  the  generating  grid  prevails 
above  its  decrease,  caused  lialtatlon  of  mobility  of  chain  in  grid, 
bonded  with  their  reaction  with  filler.  Therefore  the  sorption  of 
toluene  by  the  filled  pclyaer  in  conparison  with  that  not  filled  is 
increased  and  siaultaneousiy  less  Is  changed  TASg.  With  the  formation 
of  polyurethane  fila  on  smooth  rigid  surface,  the  formation  of 
physical  bonds  polymer  -  surface  prevails  above  the  possibility  of 
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the  eaecgence  of  defective  structure,  which  conditions  an  increase  in 
the  effective  density  of  the  cross-linking  of  fila  on  surface  in 
coaparison  with  free  fila.  The  latter  leads  to  an  increase  in  the 
sorption  of  toluene  with  free  polyurethane  fila.  At  the  saae  tiae, 
change  TAS2  is  greater  in  free  fila,  than  in  the  sane  on  base  (Fig> 
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Fig.  11.  k  change  in  the  partial  specific  enthropy  it  is  polyurethane 
on  the  basis  of  oligohydroxyoutyieneglycol  and  toluenediisocyanate 
(a)  •  TS-F  -1000  25o/o  OP  (i>)  and  TGF-2000-25o/o  OP  (c)  :  1  -  free 
fils;  2  -  fils  on  foil. 

Key:  (1).  cal/g. 

Page  33. 

Findings  tell  about  the  fact  that  the  presence  of  hard  surface 
with  shaping  of  polyurethane  three-dinensional  grid  affects  the 
structure  of  the  latter  and  conditions  a  change  in  the  flexibility  of 
the  cuts  of  the  chains  between  network  points.  Consequently,  the 
aechanical  properties  of  those  filled  it  is  polyurethane  one  should 
coapare  with  the  flexibility  of  cnains,  deternined  in  the  presence  of 
rigid  surface,  and  it  is  not  possible  to  transfer  the  data  on  the 
flexibility,  obtained  for  the  unfilled  polyners,  to  filled. 
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sons  PROPERTIES  OP  THE  (l01iUH0LECUI.AR  LATERS  OF  OLIGOMERS  OP 
POLTORETHANES. 


It  is  known  that  at  present  iron  the  data  on  the  properties  of 
the  nononolecular  layers  of  poiyners  on  liquid  bases  it  is  possible 
to  obtain  the  essential  inforacition  about  the  structure  of  chains, 
their  flexibility  and  the  character  of  packing  [99].  This  is  assumed 
as  the  basis  of  the  thecry  of  Sanger  [3,  4],  which  exanines  the  state 
of  eacronolecules  on  the  phase  ooundary,  on  the  basis  of  the  theory 
of  the  solutions  of  the  polyaers  of  Huggins  [233].  Singer  introduced 


where  Z  *  coordination  nuaoer  of  aononer  units  in  chain;  Aq  -  value 
of  the  specific  surface  area  of  nononolecular  layer  at  a  zero 
pressure;  x  -  degree  of  polyaerazation;  A  -  surface  area  at  surface 
pressure  w.  Equation  is  aoUafaed  by  Davis  [200],  who  introduced  into 
it  the  conventional  characrerasrac  of  the  flexibility  of  chain  u, 
taking  values  from  0  to  2  upon  transfer  fron  rigid  to  the  coapletely 
flexible  chain: 


ji  = 


Davis's  nethod  is  used  during  the  estination  of  the  flexibility  of 
the  chains  of  polyaers  [296],  and  also  with  the  characteristic  of  the 
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flexibility  of  the  chains  of  oiigoaers  it  is  polyurethane  on  the 
phase  boundary  and  the  explanation  of  its  dependence  on  reaction  with 
base  [ 140 ]. 

For  investigation  were  undertaken  low-aolecular 
polydiethyleneglycoladipate  of  different  aolecular  weights  and 
polyurethane,  obtained  during  the  reaction  of  these  oiigoaers  with 
2«4-TDI.  In  such  chains  are  contained  the  groupings,  capable  of  the 
foraation  of  hydrogen  bonds,  'fne  properties  of  aonoaolecular  layers 
are  studied  in  four  types  of  the  bases:  distilled  water  (base  1) ,  3-n 
solution  HCI  (base  2),  40o/o  solution  (NR4) 2SQ4  (base  3)  and  aixed 
solution  of  3O0/0  of  sulfate  aaaoniun  and  IO0/0  HCI  (base  4) .  The 
selection  of  bases  is  bondea  witn  the  fact  that  base  2  can  fora 
strong  hydrogen  bonds  with  aonoaolecular  layer  when,  in  the  pclyaer 
chain,  corresponding  groups  are  present,  [346];  on  base  3,  is  raised 
the  coaaon/general/tot ai  adhesive  reaction  due  to  an  increase  in  the 
surface  tension  of  solution  £157],  and  finally  base  4  aust  cause  the 
suaaary  effect  of  bases  by  i  and  4  (Pig.  12,  *irable  7). 


t 
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Fig.  12.  The  isothecns  ct  tae  coepcession  of  the  aonoeoleculac  layers 
of  polyaers  on  water  (a) ,  i-n  hydrochloric  acid  (b) ,  40o/o  solution 
of  sulfate  aaaoniuni  (c)  and  in  the  mixed  solution  of  30o/o  of  sulfate 
amaoniam  and  lOo/o  of  hydrochloric  acid  (d) :  1  -  polyurethane 
i(a«-isioo):  2  -  polyarethane  j(iM„-«4oo);  3  -  polyether/polyestet 
4  -  polyether/polyester  -2sooj. 

Key:  (1).  Surface  pressure,  dyo/cm.  (2).  Area  to  one  complex-ester 
bond,  A. 

Page  35. 

Honomolecular  layers  it  is  polyurethane  the  length  of 
polyether/polyester  unit  they  independent  of  give  the  identical 
isotherms  of  compression,  and  only  on  base  4  these  polyurethane  have 
somewhat  different  isotuerms.  At  tae  sane  tine  the  isotherms  of  the 
compression  of  the  monooioiecular  layers  of  polyether/polyesters  on 
all  bases  very  differ  during  a  cnange  in  the  length  of  chain  [141]. 
During  the  comparison  of  the  isotherms  of  the  compression  of 
aononolecular  layers,  it  is  polyurethane  on  bases,  which  contain 
hydrochloric  acid  (bases  2  and  4> ,  and  acid-free  (base  1  and  3)  it  is 
evident  that  in  the  first  case  are  formed  the  more  elongated 
nononolecular  layers. 
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The  identity  of  the  isothecas  of  the  coapcession  of 
aonoaolecular  Layers  it  is  polyurethane,  just  as  snallec  protracted 
length  in  comparison  with  the  saae  for  the  aonoaolecular  layers  of 
initial  polyether/polyesters,  as  explained,  obviously,  by  the  fact 
that  the  length  of  pol yethec/poiyestec  unit  does  not  affect  density 
of  the  packing  of  aolecule  in  aooo-layer.  An  increase  in  the  reaction 
between  chains  is  revealed  also  uy  direct  neasureaent  of  surface 
tension  is  polyurethane  by  the  aetnod  of  hanging  drop  [ 156],  since 
these  products  are  high- vxscosity  rluids.  neasucenents  showed  that  if 
the  surface  tension  of  poiyetaec/polyesters  composes  value  on  the 
order  of  40-42  dyn/ca  [142],  taen  it  is  polyurethane  -  46-47  dyn/cm, 
in  spite  of  a  snail  concentration  of  urethane  groupings  in  chain  (one 
urethane  bond  to  7.4  ester  oonds  for  a  polyether/polyester  unit  with 
“  800  «nd  one  to  15.7  tor  a  unit  with  —  >700). 
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-^able  7.  The  density  of  pdciciag  and  the  flexibility  of  chaijis  it  is 
polyacethane  and  polyethec/polyesters  on  different  bases. 
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Key:  (1).  Characteristic  of  chains  in  aonoaolecalar  layers.  (2). 
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The  protracted  length  of  acnoioolecul^i  layers  it  Vs  polyurethane 
on  the  bases,  which  contain  acid,  it  nates  it  possible  to 
unanbiguously  establish  that  the  strong  interaction  between  chains, 
caused  by  the  appearance  of  urethane  groupings,  presents  reaction  of 
the  type  of  hydrogen  bond 


Especially  clearly  these  regularities  are  developed  in  the 
exaaination  of  the  density  of  paching  and  and  the  flexibility  of 
chain  it  is  polyurethane  on  different  bases.  Honoaolecular  layers  it 
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is  polyurethane  they  have  the  Uitierent  density  of  packing  on  bases 
with  the  weak  and  strong  interaction  (see  Table  6),  aoreover  the 
density  of  packing  is  chaagea  aisost  doable,  although  this  difference 
for  it  is  polyurethane  with  tne  uirferent  length  of 

polyether/polyester  unit  it  is  ansent.  Kt  the  saae  ti«e  the  density 
of  the  packing  of  the  aonoaoiecuiar  layers  of  polyether/polyesters  is 
changed  both  fron  the  length  of  chain  and  froa  the  type  of  base. 

These  changes  just  as  change  in  the  flexibility  of  chain,  are 
explained  as  follows.  An  increase  in  the  flexibility  of  polyurethane 
chain  on  base  2  is  bonded  with  the  fact  that  the  strong  hydrogen 
bonds  of  base  partially  eixainate  a  siailar  reaction  between  chains 
in  aono-layer.  In  this  case,  there  is  in  aind  lateral  cohesion 
between  the  molecules  of  polyaer  and  flexibility  of  this  nolecule  in 
the  plane  of  aonomolecuiar  layer,  certain  increase  in  the  flexibility 
of  polyether/polyester  is  causea  oy  an  insignificant  increase  in  the 
adhesion  bond  with  the  eud  groups  of  polyner.  An  increase  in  the 
adhesion  of  the  aonomolecuiar  layer  of  polyurethane  to  base  3  sharply 
decreases  the  density  of  packing;  however,  the  presence  of  the 
hydrogen  bond  between  chains  leads  to  the  fact  that  the  flexibility 
of  chain  renains  the  sane  as  on  base  2.  At  the  sane  tiar>  the 
flexibility  of  the  chain  of  polyether/polyesters  where  are  absent 
siailar  bonds,  grow/increases  very  considerably.  It  hence  follows 
that  aonoaolecular  layer  it  is  polyurethane  on  bases  1  and  2  have 
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higher  ordering  Mhich  is  caused  hy  the  coaplex  interaction  of  all 
neans  of  Van  der  Haals  bonds.  In  this  case,  stiffening  of  chain  due 
to  the  presence  of  urethane  grouping  is  so  strong  that  to  the  packing 
of  Bolecules  in  oono>layer  does  nor  affect  different  length  of 
polyether/polyester  unit.  Only  by  aixed  base  4  flexibility  of 
polyurethane  chains  grou/increases  so,  that  is  revealed  different 
behavior  of  aolecules  depending  on  the  length  of  the 
polyether/polyester  unit:  chains  with  the  snaller  concentration  of 
urethane  groups  are  aore  piiaoie,  since  the  hydrogen  bonds  of  base 
eliainate  the  reaction  between  chains  in  aono-layer.  The  absence  of 
this  bond  in  polyether/polyesters  leads  to  another  behavior  of  their 
aonoaolecular  layers  on  oase  4;  fails  flexibility,  grow/increases  the 
density  of  packing  due  to  the  decrease  of  adhesion  bond  aonoaolecular 
layer  -  base. 

Consequently,  the  density  of  packing  and  the  flexibility  of 
polyaer  chain  in  surface  layer  can  be  substantially  changed, 
selecting  different  bases.  Energy  factor  has  strong  effect  on  the 
conforaation  of  polyaer  chain  in  surface  layer  moreover  to 
flexibility  and  density  of  the  pacxing  of  polyaeric  molecule  it 
affects  not  only  the  value  of  reaction  the  phase  boundary,  but  also 
the  nature  of  this  reaction. 


I 

» 
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Chapter  III.  NATORE  OF  CHEMICAL  AMD  PHYSICAL  MOLECOLAB  BONDS  IN 
POLIO RETHANES. 


The  flexibility  of  caaias  is  polyurethane  -  one  of  the  factors, 
which  are  deteraining  ttie  iundaaental  characteristics  of  polymer. 
However,  it  is  - ecessary  to  consider  during  the  study  of  the 
properties  of  polymers  tne  nature  of  the  molecular  bonds  between  the 
polymer  chains  which  determine  tne  physical  and  phase  state  of 
polymer  and  its  basic  necaanical  properties.  The  diversity  of 
functional  groups  in  chain  it  is  polyurethane  creates  great 
possibilities  for  the  emergence  of  the  molecular  bonds  of  different 
energy  and  chemical  nature  •  from  hydrogen  ones  to  van  der  Naals 
ones.  The  role  of  in  ter molecular  interactions  especially  important  to 
consider  in  the  examination  of  three-dimensional  cross-linhed  ones  it 
is  polyurethane,  in  which,  in  contrast  to  the  majority  of  other 
cross-linked  rubberlike  materials,  these  bonds  have  fundamental 
importance.  They  determine  also  the  possibilities  of  crystallization 
it  is  polyurethane,  the  temperature  ranges  of  melting  or  transitions 
of  one  physical  state  tc  another  and  the  like. 


In  present  chapter  we  will  examine  the  existing  data  by  the 


DOC  =  79011103 


PAGE  f2 


nature  of  cheaical  and  piiysicai  bonds  in  polyurethane,  bearing  in 
■Ind  that  the  collaboration  of  one  or  the  other  groups  of  chain  in 
the  foraation  of  chemical  cross  connections  limits  their 
collaboration  in  the  formatxon  of  physical  bonds. 


Types  of  chemical  bonds  in  cnains. 


During  the  reaction  of  those  obtaining  at  the  first  stages  of 
the  reaction  of  urethane,  uric  and  amido  groups  with  isocyanates,  is 
possible  the  formation  of  niuret  (1) ,  allophanate  (II)  and  acylurea 
groupings  (III) 

-NH-CO—NH-  +  -NCO  -  -N-CO-NH- 

^CO-NH- 

1 

-NH— CCX)-t- ^NCO  -*  -N-COO- 
\ 

CO-NH- 

11 

-NH-CO— +  ~NCO  -»  -N-CO- 

\ 

CO-NH- 

Ul 


Page  38. 


It  is  most  convenient  to  identify  different  types  of  bonds  in 
the  cross-linked  polyurethane  with  the  aid  of  infrared  spectroscopy. 
This  method  is  applied  for  tne  analysis  of  the  types  of  chemical 
bonds  in  expanded  poly ucetnanes  of  different  chemical  structure 
[268). 
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Different  structural  units  in  polyurethane  give  in  IB  spectra 
the  characteristic  frequencies  ox  oscillations,  known  for  the 
appropriate  low-aolecular  analogs.  Therefore  via  the  selection  of  the 
adequate/approaching  Icw-aoiecular  connections  (for  exaaple, 

H, N*-dipheny lurea,  K,  N* ,  li''-cripttenylisocyanurate,  etc.)  it  is 
possible  to  obtain  the  inforaation  about  characteristic  strips.  For 
the  characteristic  of  the  corresponding  groups,  one  should  select 
only  such  characteristic  strips  which  possess  sufficient  intensity 
and  least  undergo  the  effect  of  other  groups.  The  authors  [268] 
exaaine  the  strips  which  are  given  in  Table  8  and  give  the  typical 
spectrun  of  the  solidified  expanaed  polyurethane  on  the  basis  of 
desBophen  and  Desaodur  witn  tne  addition  of  other  components  (Pig. 

13)  . 


These  data  indicate  tne  cowplexity  of  conducting  the 
quantitative  analysis  it  is  polyurethane  in  the  intensities  of 
characteristic  frequencies.  Beally/actually ,  if  the  first  two  groups 
to  identify  is  sufficiently  easy,  then  to  distinguish  ester, 
urethane,  allophanate  and  other  bonds  by  the  oscillations  of  carbonyl 
is  virtually  inpossible,  since  the  sinultaneous  presence  of  different 
groups  leads  to  the  expansion  of  the  strip  of  the  oscillations  of 
carbonyl  group.  Therefore  the  results  of  work  [268]  can  be  applied 
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only  foe  the  establishment  ot  the  presence  of  one  or  the  other  groups 
only  when  on  the  basis  of  the  chemical  composition  of  composition  is 
expected  the  appearance  of  the  specific  groups. 


DOC  *  79011103 


PAGE  f5 


Table  8»  Characteristic  strips  or  structaral  groups  in  polyurethane. 


|/^  CTpyKTypHM  rpyon* 

1  MK 

V.  r»t~^ 

jv  r 

_N=C=0  (KyMy;iHpoBaHHiiie  ABOflHue  cbii3h)J 

4,«— 4.46 

2270—2240 

— N=C=N—  (KyMV.IHPOBaHHbie  ABOflHUe  CB«-\ 
3H) 

4.72 

2120 

{4) 

—  N  N—  ^’peTAHOHOBoe  koabuo  (Kip- 

COHHA)  fO 

5,62—5.72 

1780-1755 

NH— CO— O  C,io>KHo>())HpHafi  rpynna  (xapOo- 

f  r.  HHA) 

'  ypeTaHoeas  rpynna.  HSOUHaHypamoe  KOAbao, 

6Hvp«T0Bafi  rpynna  (KapOoHHJi) 

5.71-5.83 

1750—1717 

5,81—5,92 

1720-1690 

(  7J  AnaoctjaHaTHaa  rpynna  (KapfioHtui) 

5.71—6.06 

1750-1658 

( MvteBHHHaa  n  aMHAHan  rpynnu  (KapfioHHA) 

6.10—6.20 

1640-1610 

( ^  yperAxoHOBoe  KOAbuo  (Ko.ie(SaHHa  KOJibiu) 

7,04—7.14 

1420—1410 

f HaounaHypaTHOe  koabuo  (KOjie6aHHR  KO/ibua) 

7.00-7.11 

1 

1428—1406 

Key;  (1)  .  Structural  group.  (2)  p.  (3)  cueulative  double  bonds.  (4)  . 
Oretedione  ring  (carbonyl)  .  (5)  .  Sster  group  (carbonyl)  .  (6)  . 

Orethane  group,  isocyanourate  ring,  biuret  group  (carbonyl).  (7). 
Allophanate  group  (carbonyl),  (d) .  Dric  and  anido  groups  (carbonyl). 
(9).  Oretedione  ring  (oscillations  of  ring).  (10).  Isocyanourate  ring 
(oscillations  of  ring)  . 


Page  39. 

Another  work  [269]  for  purpose  of  approach  to  quantitative  analysis 
gives  the  IR  spectra  of  aodel  substances  (phenylurethane  and 
diphenylurea,  polyurethane  and  poly-urea,  etc.).  On  their  basis/base 
in  certain  cases  it  is  possible  to  in  aore  detail  deteraine  the 
position  of  separate  functional  groups  in  the  spectra  of 
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low^aolecular  aodel  substaaces  and  polyaers.  However,  to  distinguish 
separate  strips  is  difficult,  that  together  with  the  unsatisfactory 
reproducibility  of  intensities  aoes  not  aake  it  possible  to  conduct 
quantitative  estiaation,  but  the  obtained  aaterial  gives  the 
possibility  to  trace  only  qualitatively  the  cheaical  changes  in  the 
coarse  of  reaction  of  foraation  it  is  polyurethane,  i.e.,  to  explain 
in  general  terns  the  effect  of  prescription  factors,  teaperature  and 
tiae. 


Zharkov  investigated  £fi  spectra  it  is  polyurethane  and  then 
derivatives  f32]  and  for  their  nure  f ull/total/coaplete 
interpretation  studied  the  absorption  spectra  in  the  hoaologous 
series  of  alkyl-N-phenyluretuane  and  soae  of  then  derivatives  (table 
9) .  Are  calculated  frequencies  and  forns  of  noraal  oscillatory  node 
for  purpose  of  the  identification  of  the  structural  units  in 
polyurethane.  The  selection  of  alkyl-»-phenylurethane  was  deterained 
those  that  in  the  aajority  of  the  cases  the  polyurethane,  which  are 
of  practical  use,  are  obtained  on  the  basis  of  arylisocyanate. 

It  is  establish/installed,  that  in  dilute  solutions  all 
alkyl-N-pheny lurethane  have  a  strip  with  3446  cb~‘.  The  out-of-plane 
deforaation  vibration  N-H  is  cnaracterized  by  strip  with  535  cn~*. 
The  strip  of  the  stretching  vibration  of  the  carbonyl  group  of 
alkyl-H-phenylurethane  has  frequency  1745  cb-»,  sensitive  to  the 
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fornation  of  hydrogen  bond. 

As  a  result  of  the  calculations  conducted  and  analysis  of  the 
spectra  of  aodel  substances,  the  conclusion  is  aade  that  by  the  most 
constant  sign  of  urethane  group  it  is  possible  to  consider  the  strips 
of  ester  fragment  1730-1750  and  1210-1230  cm-*  together  with 
intensive  strip  in  region  1515- 154U  cm-*,  the  corresponding  to 
deformation  vibration  group  M-U. 


DOC  s  79011103  FAUi£  fd 


Fig.  13.  IF  sp«ctrua  of  poiyucethane  foaa  on  the  basis  of  the  mixture 
of  polyether/polyesters  and  4,4-diphenylmethanediisocyanate. 

Key:  (1)  p. 

Page  40. 

Are  selected  analytical  strips  tor  the  identification  of  allophanate 
and  biuret  groups,  in  the  spectra  of  polymers,  allophanate  structures 
are  masked  with  the  bonded  NH-groups  of  urethane.  On  model  of 
allophanates  it  is  shown  [to  49 J,  that  their  spectra  are  different 
from  the  spectra  of  appropriate  it  is  urethane.  The  appearance  of 
allophanates  in  spectra  it  is  polyurethane  bonded  with  strips  1280, 
1310  and  1965  cn-». 

Thus,  on  model  substances  it  is  possible  to  identify  different 
types  of  bonds,  but  their  aetermination  in  polymers  remains  the  yet 
not  solved  problem. 
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To  considerably  aoce  easily  deteriaine  by  the  method  of  IH 
spectroscopy  isocyanate  group,  which  allows  according  to  its 
disappearance  in  the  course  of  reaction  to  investigate  kinetics 
formation  it  is  polyurethane.  This  reaction  was  investigated  on  the 
absorption  band  of  the  isocyanate  group  of  2270  ca'^  [169,  279]  and 
urethane  of  6750  cn~i  [259 j,  and  also  on  the  disappearance  of 
hydroxyl  groups  [50].  The  mecnanism  of  the  reactions  of  formation  of 
polyurethane  elastomers  ny  the  method  of  IR  spectroscopy  is  studied 
also  in  work  [59],  and  polyurethane  coatings  -  in  work  [101], 

Ontil  now,  the  method  of  18  spectroscopy  does  not  give  the 
possibility  to  quantitatively  determine  the  relationship/ratio  of  the 
types  of  bonds  in  the  cross-linned  polyurethane. 


1 


» 
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Table  9.  The  noraal  bands  of  diisur^tion ,  in  reference  to  the 
oscillation/vibratiors  cf  urethane  group  in  alkyl-N-pheny lurethane 
(Ph-HCOO-F)  . 


{0 

HbaPKC 

no^iorbi 

fV 

HacTora  KOTieCaHMA.  cm  * 

-CH, 

-C.H. 

-CH(CH,), 

-C(CH,), 

‘'o 

3446 

3446 

3446 

3446 

'■i 

1750 

1745  j 

1743 

1742 

1529 

1582 

1528 

1520 

'*3 

1450 

1445 

1443 

1443 

'■4 

1312 

1312 

1311 

1312 

'5 

1213 

1212 

1222 

'■b 

106» 

!  1048.  1113' 

1055.  1171* 

'•7 

770 

1  770 

1  765 

''ll 

538 

1 

) 

j  5.37 

!  540 

1 

.545 

*Strip  is  disintegrated  because  of  reaction  vith  the 
skeletal/skeleton  oscillation/vrorations  of  alkyl  radical. 


Key;  (1).  Index  of  strip,  l^) .  Frequency. 


Pa  ge  hi. 


Fro*  this  point  of  view  great  xnterest  are  of  works  [  283,  324],  in 
which  conducted  detailed  investigation  of  the  resonance  region  of 
protons  for  the  nitrogen-oeacing  bonds  in  polyurethane  by  the  method 
of  NNR  of  high  resolution.  It  is  establish/installed,  that  all 
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connections,  which  have  sucn  oonds,  give  sharp  signals  of  HHB  in 
polar  solvents  of  the  type  of  dxaethyl  sulfoxide  (DNSO) , 
dinethy lacetaaide  (DMA),  pycrdine,  etc.  Is  synthesized  the 
series/namber  of  the  special  conuections,  which  contain  such  types  of 
the  bonds  which  can  be  present  in  polyurethane,  and  is  carried  out 
their  detailed  analysis  by  method  of  MHR.  For  the  model  substances 
(table  10)  of  the  intensity/strength  of  the  fields,  by  which  appear 
the  signals  of  NMR,  strongly  they  differ  for  different  types  of 
bonds.  This  makes  it  possiule  to  use  a  method  for  the  quantitative 
determination  of  bonds  in  poxyuretoane.  Really/actually,  the  analysis 
of  the  prepolymers,  obtained  from  polypropylene  glycol  and 
diphe ny Imethane  diisocyanate,  it  showed,  that  is  observed  the  good 
agreement  between  the  NdR  spectra  of  model  substances  and 
investigated  prepolymers  (taoie  11).  During  the  comparison  of  data 
for  prepolymers  on  the  basts  of  polypropylene  glycol  and 
toluenediisocyanate  with  data  tor  the  model  substances  (see  Table  11) 
are  evident  that  in  the  spectra  of  this  pcepolymer  are  three  signals 
that  correspond  to  groups  N-ri,  two  of  which  (9.43  and  8.55  m.d.)  are 
related  to  the  R-H-proton  of  2,4-diurethane,  and  the  third  -  to  the 
protons  of  4-urethane  (a).  Tne  relative  intensities  of  signals  depend 
on  the  conditions  of  the  synthesis  reaction  of  prepolymer. 

For  the  analysis  of  tue  types  of  bonds,  the  authors  [283,  324] 
used  the  method,  based  on  tne  destruction  of  those  cross-linked  was 
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polyurethane  with  the  aid  of  aaines.  Vere  investigated  the 
polyurethane,  obtained  on  the  oasis  of  polypropylene  glycol  (nol. 
weight  1000)  and  diphenylaethaae*4,  4**diisocyanate. 

Are  studied  also  the  aodei  suostances,  which  contain  substituted 
urethanes,  ureas,  allophanates  and  biurets.  The  authors  in  this  case 
proceeded  froa  the  fact  that  under  the  influence  of  anines  on  the 
cross-linked  polyurethane  the  ailophanate  and  biuret  bonds 
disintegrate  considerakiy  taster  than  uric  or  urethane  ones. 


I 
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Table  10.  The  aagaetlc  oucleac  resonance  of  gcoap  N-H  in  aodel 
substances. 


CB1l3b 

1 

1  ^  XNMHieCKKfl  CABWr.  M.  A. 

(V 

B  4MCO 

(S) 

B  ,ima 

- 

i 

AtOMeBHHHa!) 

5.70—8,58 

5.9^— 8.77 

VpeTaHOBa!) 

8.60—9.70 

8,57—9.88 

BHvpeToaasi 

9.60-10,25 

9,85—10.55 

A^flotJiaHaTHaa  (J) 

10.62-10.67 

10.70-10,87 

Key:  (1).  Bond.  (2).  Cheaical  shitt/shear,  a.d.  (3)  in  (4).  Dcic. 

(5)  .  Orethane.  (6) .  Biurec.  (7)  .  &ilophanate 

Page  42. 

This  Bakes  it  possible  to  convert  the  cross-linked  polyaer  into  the 
soluble  state  and  according  to  the  analysis  of  the  foraed  end  groups 
to  conduct  the  quantitative  estraation  of  the  content  of  one  or  the 
other  types  of  bonds. 

Considerably  siapler  the  same  analysis  is  carried  out  for  the 
soluble  prepolyaers.  Fee  a  prepoiyaer  and  cross-linked  it  is 
polyurethane,  obtained  durxng  different  relationship/ratios  of  the 
undertaken  for  synthesis  coaponents  and  under  the  varied  conditions 
of  cross-linking  specifically  percent  ratio  of  allophanate  and  biuret 
groups  to  a  total  nuaber  of  nitrogen-bearing  functional  groups  in 
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polyaer  is  establish/instaiiad  tiiat  in  certain  cases  it  reaches 
I5-2O0/0.  Thus,  is  shovn  the  possibility  of  deternining  these  types 
of  bonds  quantitatively  for  those  cases  when  their  content  conprlses 
not  less  than  one  group  by  30  urethane  and  uric  ones,  or  one  cross 
connection  in  the  cut  of  the  polyner  chain  of  nolecular  weight  of 
approxiaately  10  000  (with  accuracy  of  analysis  IO-2O0/0) . 

Conducted  detailed  investigation  of  the  IB  spectra  of 
polyurethane  oligoners  on  the  basis  of  hexanethylene  diisocyanate  and 
1, 4-butanediol  [351]  (table  12). 
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Tabl*  11.  NNB  of  group  M-U  ot  prepolyaars  is  polyurethane. 


•  (S  (*« 

s  * 

XaionccKHl  ci«iir. 

u> 

|Ss 

0  3 

A. 

Oopno^iHuep 

2u 

CrpyKTypi 

M 

(•-> 

Kx  * 

•  flMCO 

■  AMA 

— OOCHN-C,H,— CH,— C,H,— 

9.41 

9,47 

nnr-iooo— 

1.9 

-NHCOO — 

.MilH 

2.0 

CH,  CH, 

9.51  (a) 

9.60  (a) 

2,1 

1  1 

9..33  (B) 

9.43  <B) 

NCO  NHCOO — 

i  I  1 

\/  \/ 

8.83  (c) 
8.57  (e) 

8.92  (c) 
8.57  (ei 

9.51  (a) 

9.60  (a) 

NHCOO —  NH— COO— 

9,33  (B) 

9.43  (B) 

(a)  («) 

8.83  (c) 

8.92  (c) 

2.0 

CH, 

8.70  (d) 

8.72  (d) 

nnr*-THH« 

1.5 

OCN-/  \  — NHCOO— 

8.55  (e) 

8.55  (e) 

9.60  (a) 

CH, 

9.43  (B) 

nnr*-2.4 

TilH 

2.0 

\  _  NHCOO — 

l\/'  («0 

_ 

—  (c) 

-  (d) 
8.56  (e) 

•  CprSHrVHClI.HHUil  MOJl,  •«€  1000. 

**  Ciiecb  80  : 10  2,4-  K  2.6-H30Hep*.  P' 


ley:  (1).  Prepolyeer.  (i).  eolar  ratio  of  isocyanate  to  PPG.  (3). 
Structure.  (4) .  Chemical  shif c/shear r  a.d.  (5)  in  (6) .  *  Numerical 
average  mol.  weight  1000.  (7).  Mixture  80:20  Z.h*-  and  2,6~isoaer. 


Page  43. 

It  should  be  noted  that  already  monomeric  diols  give  absorption  bands 
in  the  same  regions  that  and  polymers,  being  characterized  by  only 
presence  of  the  characteristic  strips,  which  relate  to  end  groups. 
Consequently,  by  the  method  of  infrared  spectroscopy  thus  far  it  is 
possible  to  only  qualitatively  analyze  the  structure  of 
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three'-diaenslonal  ones  it  is  polyurethane  and  to  quantitatively 
detecaine  changes  in  the  concentration  of  urethane  groups  during  the 
cross-linking  and  other  cneaical  transf oraaticns.  However,  method  is 
not  suitable  for  the  establishaent  of  the  relationship/ratio  between 
the  structure  and  properties  it  is  polyurethane,  or  by  a  nnaber  and 
the  type  of  cross  connections. 

Hydrogen  bond  in  polyuretnane. 

The  cheaical  structure  ot  polyurethane  chains  and  the  presence 
of  different  functional  groups  deternine  great  possibilities  for 
formation  in  polyurethane  or  aolecular  bonds,  including  hydrogen 
ones.  It  is  well  known  that  tne  rntra-  and  aolecular  bonds  in 
polyaers  have  noticeable  effect  on  structure  and  entire  combination 
of  the  physicoaechanical  properties.  Is  especially  great  the  role  of 
hydrogen  bonds  in  polyurethane,  since  the  proton-donor  grouping  N-H 
in  urethane  group  and  the  proton-acceptor  atoms  of  oxygen  (in  the 
form  of  ether/ester  oxygen  in  simple  ether/ester  bond  and  in  carbonyl 
group)  deternine  the  possibilities  of  hydrogen  joining. 
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T«bl«  12.  Beference  of  £re^ueitci«s  in  oligourethane. 
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Key:  (1).  Intensity.  (2).  Osciliation/Tl  brat  ions.  (3).  Strong.  (4). 
N-H-valent.  (S'.  Very  weak.  (6).  lu  resonance  Ferni's  anide  II  with 
NH'group.  (7).  Average.  (6).  Syaaetrical  CHa.  (9).  Very  strong.  (10). 
Anide.  (11).  Average  to  weak.  (12)  def ornation.  (14).  Antisy nnetric 
COC-val^^.  (15).  Symnetrical  CUC-valent .  (16)  valent.  (17).  Weak. 
(18).  chain. 
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Schenatically  three  basic  types  oi  hydrogen  bonds  can  be  presented  as 
follows: 


4' 


As  is  erldent,  this  of  the  bond  between  urethane  groups  or  urethane 
and  ester  group  and  siaple  ether/ester  oxygen  of  contiguous  chains. 

Realization  in  polyuretaane  of  one  or  the  other  type  of  hydrogen 
bonds  depends  on  the  hardness  of  aolecule,  deterained  by  the  length 
of  oligoneric  unit  or  chain/net work  of  glycol,  the  concentration  of 
urethane  groups  in  chain,  density  of  the  thiee-'dinensional/space 
grid,  which  limits  the  mooiiity  of  the  cuts  of  the  chains  between  the 
nodes  of  chemical  grid,  zharhov  [32]  assumes  that  since  elastomeric 
polyurethane  cat  be  considered  as  the  peculiar  "solution"  of  urethane 
groups  in  polyether/polyester,  the  predominant  type  of  hydrogen  bonds 
will  be  form  II. 

For  the  investigation  of  hyarogen  bonds,  is  used  the  method  of 


IB  spectroscopy,  since  during  the  formation  of  the  hydrogen  bonds  of 
the  frequency  of  the  stretching  of  groups  N-H  and  C*0  they  are 
shift /sheared  to  the  side  of  lower  frequencies.  A  number  of  works  in 
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this  direction  is  snail. 

Bith  the  aid  of  IR  spectroscopy  are  studied  the  hydr  .^n  bonds 
in  the  urethane  elastoners,  obtained  on  the  basis  of  complex  and 
sinple  polyether/polyesters,  and  also  on  nodel  substance  - 
N-phenylurethane  [12]. 

For  evaluating  the  prooability  of  forning  one  or  the  other  type 
of  bond*  was  deterained  the  relative  electron-donor  capacity  of 
proton-acceptor  groups  during  the  conparison  of  the  constants  of  the 
nolecular  association  or  those  h-nonosubstituted  was  urethane, 
aodelling  the  urethane  link  of  polyner.  with  the  nolecules  of  the 
connections,  containing  the  proton-acceptor  groups,  siailar  to  the 
sane  in  polyner  chains  (netnyletnylketone,  ethylacetate, 
isobutylbutyrate,  tetrahydrofuran,  dioxane,  etc.) . 

Proa  the  IS  spectra  of  urethane  elastoaers  in  region  3200-3500 
and  1600-1800  cn-^  (Fig.  19)  it  is  evident  that  for  all  elastoaers 
are  observed  the  wide  absorption  bands  (3300,  3310  and  3347  cn-*) , 
the  relating  to  absorption  groups  N-H,  by  the  excited  hydrogen  bond. 
Strips  3450  and  3445  cn-*  are  related  to  free  M-H — group. 
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The  data  [12]  on  the  e^juxlihciua  constants  of  the  fornation  of 
the  hydrogen  bond  of  N-fhenylucetnane  with  the  aolecules,  which 
contain  proton-acceptor  groups  (carbonyl  of  urethane  group,  ester 
group  and  oxygen  of  sinple  ester  group)  (table  13),  made  it  possible 
to  estiaate  energy  of  hydrogen  bond  in  associates  (2-3  kcal/aole) ; 
however,  due  to  saall  differences  rn  the  eguilibriua  constants,  it  is 
not  possible  to  draw  a  conclusion  about  preferred  fornation  of  any 
specific  type  of  bond.  Obviously,  durable  bond  it  will  be  hydrogen 
with  the  collaboration  of  oxygen  of  sinple  ester  groups. 

For  nodel  substances  different  types  of  hydrogen  bonds 
considerably  differ  by  tne  aaount  of  the  frequency  switch  of  the 
stretching  vibration  N-H.  So,  during  the  fornation  of  hydrogen  bond 
urethane  -  ester  is  obsetifed  the  shift  of  strip  v  (N— H)  to  the  side 

of  lower  frequencies  on  80-90  cb-»,  and  for  a  bond  urethane  -  ether 
shift  is  120-140  c«-».  The  pceiecred  type  of  hydrogen  bond  in 
polyaers  depends  on  the  relative  content  of  different  proton-acceptor 
groups  and  their  three-dinensional/space  arrangeaent  in  chain. 


T 
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fig.  19.  The  IR  spectra  of  urethane  elastoeers  in  region  3200-3500 
(a)  and  1600-1800  c«-i  (bj  :  1  -  polyoxy propylurethane;  2  - 
polyoxy tetraaethylurethane;  J  -  polydiethyleneadipinate  urethane;  4, 
5  -  solution  of  M-phenyiiiretnane  in  CCl*  (C=3.0  and  0.1  aole/l 
respectively)  . 


Key:  (1).  Passing. 
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Table  13.  Equilibciua  constaats  aad  frequency  switch  (av)N  — H  during 
the  foceation  of  hydrogen  bond  by  b-phenylurethane. 


*Corrected  values  correspond  to  K,  divided  into  a  nueber  of 
acceptor  groups  in  nolecule. 
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Key:  (1) .  Solvent.  (2)  .  conuection,  which  contains  proton-acceptor 
groups.  (3) .  System  of  hydrogen  oond.  (4)  '1/mole.  (5)  . 

Phenylurethane.  (6)  .  Nethyietnyiketone.  (7)  .  Ethylacetate.  (8)  . 
Isobutylbntyrate.  (9).  Uimethyiadipinate .  (10).  Dibutyl  ether/ester. 
(11).  Dimethyl  ether  of  dietayiene  glycol.  (12).  Tetrahydrof uran. 

(13).  Dioxane . 

Page  47. 

The  comparison  of  spectra  it  is  urethane  on  the  basis  of  simple 
and  polyesters  shows  (Fig.  14a)  large  difference  in  the  frequencies 
of  the  absorption  of  N-ri — group,  agitated  by  hydrogen  bond,  which 
indicates  different  forms  of  communication  in  these  systems.  In  ester 
polyurethane,  obviously,  the  basic  means  of  hydrogen  bond  is  the  bond 
with  carbonyl  of  ester  group.  The  formation  of  hydrogen  bond  is 
accompanied  also  by  the  sairt  of  strip  C=o  into  the  region  of  low 
frequencies,  that  it  is  possible  to  use  for  evaluating  the 
collaboration  of  group  c=U  in  nyarogen  bond.  This  strip  has  maximums 
1725  and  1728  cm— ^  (polyoxy propylene  urethane  and 

polyoxytetramethylene  urethane) .  Tne  shift  of  maxinun  into  the  region 
of  lower  frequencies  indicates  the  collaboration  of  C=0  -group  in 
hydrogen  bonds.  Thus,  it  is  possible  to  make  a  conclusion  about 
preferred  formation  in  ester  polyurethane  of  the  hydrogen  bond 
between  N-H  of  urethane  link  and  ester  group,  but  in  elastomers  on 
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the  basis  polyethers  -  between  N-d  and  C=0  of  urethane  linhs.  The 
seall  role  of  bonds  N-H  with  C=o  urethane  groups  is  explained  by 
their  low  content,  and  the  insxgniricant  portion/fraction  of  bonds 
with  siaple  ether/ester  oxygen  -  by  steric  factors. 

The  investigation  ox  hydrogen  bonds  in  the  polyurethane, 
obtained  on  the  basis  of  diisocyanates  with  the  nixtures  of  high  and 
low-nolecular  diols  [32],  wade  it  possible  to  establish/install  one 
additional  interesting  special  teature/peculiarity  of  these  bonds  in 
polyurethane.  The  collaboration  of  diols  in  reaction  disturbs  the 
regular  arrangement  of  urethane  groups  in  the  chains  of  the  obtained 
polymer.  An  effective  change  in  the  concentration  of  these  groups  is 
accompanied  not  only  by  a  change  in  the  total  quantity,  but  also  the 
means  of  hydrogen  bonds,  which  are  generated  during  the  reaction  of 
the  proton  of  NH-COO  -group  with  the  included  in  polymer  chain 
proton-acceptor  groups,  it  is  saown  [to  32],  that  with  the  high 
concentrations  of  urethane  groups  the  specific  reactions  between  then 
differ  from  reactions  iu  polymers  with  the  smaller  content  of  such 
groups,  i.e.,  depending  on  conditions,  urethane  groups  can  form  two 
forms  of  complexes  with  the  nydrogen  bonds  whcse  relationship/ratic 
can  depend  on  the  chemical  nature  of  polymer.  This  fact  once  again 
underscores  the  diversity  of  the  types  of  hydrogen  bonds  in 
polyurethane. 
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For  purpose  of  obtaining  toe  inforaation  about  the  role  of 
hydrogen  bond  in  polyurethane  elastoaers  [326]  by  the  aethod  of  IP 
spectroscopy  is  investigated  the  reaction  between  M-phenylurethane 
(I)  and  diphenylaaine  (II)  as  proton  donors  and  by  di-n>butyl 
ether /ester  and  polyoxyethyleneglycol  (aol.  weight  6000)  as  by  proton 
acceptors  in  solution  CCI4. 

Page  48. 

With  the  aid  of  Hilson-Welis* s  aethod  [339]  are  deterained  the 
integral  coefficients  of  aosorption  of  free  N-H — group  in  the 
solutions  of  different  concentrations  for  both  of  coaponents.  The 
foraation  of  hydrogen  bond  shift/snears  the  absorption  band  of  the 
deforaation  vibrations  N-H  to  the  side  of  low  frequencies. 

On  the  basis  of  experraental  spectra  with  the  utilization  of 
integral  absorption  coefficients,  are  calculated  the  concentrations 
of  free  N-H — group  in  all  investigated  systems  in  dependence  on  the 
suaaary  and  separate  concentration  of  the  investigated  coaponents. 

Mas  also  exaained  a  question  concerning  eguilibriua  in  the  solutions 
between  bonded  and  free  N-d-/group  and  were  deterained  the  apparent 


eguilibriua  constants.  Actual  eguilibriua  constants  cannot  be 
determined  due  to  different  degrees  of  association  of  aolecules  with 
joining  by  hydrogen  bond. 
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It  is  establish/instaiied  £J2b],  which  N-H  in  1  and  II  can  forn 
the  hydrogen  bond  with  siapie  etner/ester  oxygen,  which,  however,  is 
characterized  by  the  low  value  ot  equilibriua  constant  and  therefore 
it  is  weak  in  coaparison  wxth  bond  N-H  with  carbonyl  group.  Hydrogen 
joining  in  systen  I  -  ether  is  coaplicated  by  the  presence  of  two 
types  of  the  acceptors:  -o-  and  c-=0.  Findings  showed  that  in  dilute 
solutions  is  foraed  the  hydrogen  bond  with  simple  ether/ester  oxygen, 
if  its  concentration  in  system  is  sufficiently  great.  8ith  an 
increase  in  urethane,  concentration  becoaes  possible  the  association 
of  its  aolecules  on  C=0 — group,  and  with  the  high  concentration  of 
urethane,  is  realized  only  iast/iatter  interaction  node.  On  this 
basis/base  is  made  the  conclusion  that  in  pclyether  urethane  occurs 
the  coaplex  equilibriua  of  the  hydrogen  bonds  between  N*H  and  C-0  of 
urethane  groups  and  -o>  polyether/polyester  chain.  If  concentration 
N-H  in  polyurethane  is  small,  tneir  large  part  foras  hydrogen  bonds 
with  ether/ester  oxygen,  in  that  case  secondary  interchain  bonds  are 
scattered  throughout  entire  volume  of  polyaer.  If  the  concentration 
of  N-Hy^group  in  low-aolecular  polyether/polyester  is  great,  then  are 
localized  bonds  of  the  type  N-ti..C=0.  Hence  is  created  the 
possibility  of  changing  tne  chain  configuration  in  grid  during  a 
change  in  the  concentration  of  urethane  groups.  In  ester  systems 
predominates  the  strong  acceptor  C=0  and  here  again  appears 


t 


DOC  =  79011103 


PAG£ 


probability  that  bonds  MU...  C=0  are  not jK  localize  in  voluae  even 
with  the  high  concentration  o£  ucethate  groups. 

Hith  purpose  of  the  investigation  of  the  nature  of  hydrogen  bond 
in  polyurethane,  soae  canifestations  of  this  bond  are  studied  on  the 
■odel  as  which  is  undertaken  N-ethyluret bane  [161].  On  the  basis  of 
the  analysis  of  the  IB  spectra  or  N-ethy lurethane  and  its  solutions 
in  the  solvents,  which  contain  siaple  and  ester  bonds,  and  also 
investigations  of  ductility/tougnness/viscosity  and  dielectric 
polarization  the  conclusion  is  Bade  that  in  polyurethane  as  a  result 
of  the  high  content  of  siaple  and  conplex  ester  groups  reaction  are 
deterained  predoninantly  by  the  reaction  of  urethane  groups  with 
ether/ester  ones,  but  not  with  each  other. 

Page  49. 

For  it  is  polyurethane  oy  tne  method  of  IB  spectroscopy  studied 
absorption  in  the  region  of  the  oscillations  of  group  N-H  [327].  It 
occurs  in  region  \=3  p,  waicn  is  interpreted  as  absorption  by 
N'Hy^groop,  bonded  by  hydrogen  bonds,  and  free  groups  N-H.  The  large 


part  of  N-H — group  participates  in  hydrogen  bonds  independent  of  the 
structure  of  polyurethane  itself  (ether/ester  or  ester  type,  linear 
or  cross-linked)  . 
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Investigated  also  the  efiect  of  solvents  on  the  spectra  of 
absorption  of  linear  ones  it  is  polyurethane  and  it  is 
establish/installed,  that  during  dilution  occurs  the  dissociation  of 
hydrogen  bonds.  For  those  cross-linked  it  is  polyurethane  the 
insignificant  dissociation  of  hydrogen  bonds  it  is  noted  in  the  range 
of  teaperatures  of  20-100<*C.  Partial  dissociation  was  observed  also 
with  the  stretching  of  speciaen/saaples. 

In  connection  with  tne  fact  that  nany  properties  it  is 
polyurethane  they  are  explained  precisely  by  difference  to  the  degree 
of  the  hydrogen  joining  of  aacroaoiecules  with  each  other,  this 
question  it  was  specially  investigated  [by  220]. 

Are  studied  ser ies/nunners  it  is  polyurethane  the  general 
foraula 

I-  (CH,),-OCONH-  (CH,),  - 
— NHCOO-)„ 

with  ys4-10,  including  the  linear  and  cross-linked  polyaers,  and  also 
their  aodels  -  diurethane.  I'ne  free  oscillation/vibrations  of 
H-H — group  occur,  as  it  was  snown  above,  with  2.9  p  (3448  ca-»)  , 
Typical  spectrua  in  this  region  tor  6,8-polyuret  on  is  given  in  Fig. 
15.  Spectra  are  reaoved  in  the  range  of  teaperatures  of  lO-lOO^C. 

The  intensity  of  tne  oscillations  (Fig.  15)  of  free  M-H,*^group 
grow/increases  with  a  teaperature  rise  (spectrua  2) .  However,  the 
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aathors  did  not  find  difteceocas  in  the  degree  of  hydrogen  joining 
for  even  and  odd  was  polyurecnane,  or  polyaaides.  At  roon 
tenperatares  in  linear  ones,  it  is  polyurethane  less  than  lo/o  free 
M-H — group  (O.80/0  for  6,tt-  and  b,9-honologs  and  1.5o/o  for  6,6-  and 
6,10-copolyurethanes).  It  is  interesting  that  the  cross-linked 
polyurethane  do  not  show  the  greater  intensity  of  the  oscillations  of 
free  M-Hl^-group,  i.e.,  even  in  irregular  systens  is  observed 
virtually  f ull/total/coapleta  joining.  For  6,8-polyurethane  with 
17S°C,  the  content  of  tue  uncoahined  groups  coaposes  only  15o/o. 

Thus,  the  explanation  of  a  difference  in  the  properties  it  is 
polyurethane  by  the  different  degree  of  hydrogen  joining  it  cannot  be 
plausible  as  a  result  of  the  fact  that  virtually  in  all  cases  the 
free  NH-groups  in  systea  ace  absent. 


I 

t 
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15.  Spectrua  of  polyurathaao  in  the  region  of  oscillations  M-H  at 
22«»C  (1)  and  100®C  (2). 


Key:  (1).  Passing.  (2)  p. 
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For  the  exaainaticn  of  the  role  of  hydrogen  bond  in  polyurethane 
there  is  great  interest  in  a  question  concerning  the  possibility  of 
evaluating  energy  of  this  bond-  for  this  estiaation  it  is  possible  to 
use  the  absorption  of  groups  N-U.  The  corresponding  calculations  are 
given  in  f32].  Equilibriua  constant  between  the  uncoabined  and  bonded 
hydrogen  bond  group  N-H  is  deterained  by  the  expression 

/C  = 

U  Dm’ 

where  and  -  aolar  absorption  coefficients,  and  — 
optical  densities  of  absorption  bands  of  bonded  and  free  »-Hy-group. 
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Calculated  froa  values  K  at  two  different  teaperatures,  energy  of 
hydrogen  bond  (AH)  in  pcly urethane  was  4.8«— 1  kcal/aole.  According  to 
[220],  this  value  for  bond  OC  is  equal  to  S.SS^-I.S  Iccal/nole. 

It  is  interesting  to  note  tnat  rn  polyurethane  on  basis  2,4-  and 
2, 6-toluenediisocyanate  the  urethane  groups  are  arrange/located 
nonequivalently  with  respect  to  aryl  radical,  as  a  result  of  which 
foraed  by  these  urethane  groups  the  hydrogen  bonds  anst  be 
distinguished  by  their  energy.  Absorption  band  (M-H)  with  frequency 
3444  ca~*  is  related  to  the  uretnane  group  whose 

three-diaensional/space  arrangeaent  contributes  to  the  foraation  of 
hydrogen  bond,  while  strip  i460-J4b3  cb~^  answers  the  urethane  group 
whose  three-diaensional/space  arrangement  iapedes  the  foraation  of 
such  bonds.  Because  of  this  in  polyurethane  elastoaers,  can  exist 
uncoabined  by  the  hydrogen  bond  of  N-Hy^group.  The  study  of  the 
problem  concerning  association  as  a  result  of  the  emergence  of 
hydrogen  bonds  in  model  urethanes  and  some  polyurethane  led  to  the 
conclusion  about  the  fact  tnat  tne  auto/self-association  of  urethane 
groups  cannot  be  the  determining  factor  in  the  foraation  of  hydrogen 
bonds  in  polyurethane  on  the  basis  polyethers  [32].  High  value  has  a 
bond  between  urethane  group  and  ether/ester  oxygen. 

In  real  polyurethane  elastoaeric  systems  aust  be  observed  more 
complex  picture,  on  one  hand,  the  presence  only  of  uric  groups  leads 
to  the  possibility  of  the  foraation  of  the  hydrogen  bonds  between  the 
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The  foraation  of  allophanate  and  other  groups  even  aore  greatly 
changes  conditions  and  the  possibility  of  the  foraation  of  hydrogen 
bonds. 


On  the  other  hand,  thexr  eaergence  depends  substantially  on  the 
cheaical  nature  of  polyurethane  in  that  sense,  that  the  length  of 
glycol  units,  the  type  of  dixsocyanate  and  other  cheaical  factors 
affect  the  autual  arrangeaenc  or  tne  groups,  capable  of  foraing 
hydrogen  bonds,  and  on  their  mobility.  So,  work  [324]  shows  the 
possibility  of  the  foraation  of  intraaolecular  hydrogen  bonds  for 
allophanates  and  it  is  biuret  and  it  is  establish/installed,  that  the 
hydrogen  joining  is  nore  intensive  in  biuret. 


Page  51. 
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These  conclusions  are  aade  on  the  basis  of  the  analysis  of  the  NNB 
spectra  of  high  resolution.  For  it  is  biuret  the  authors  they  give 
the  following  diagraa  of  the  foraation  of  the  hydrogen  bonds:  .th 

the  allowed  transitions  between  two  structures. 


The  inforaation  about  hydrogen  bonds  in  polyurethane  thus  far 


are  still  liaited  both  according  to  a  number  of  investigated  systeas 
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aad  on  their  cheeical  structure.  Tae  investigation  of  this  question 
is  very  iaportant  for  the  detailed  understanding  of  the  properties  of 
polyurethane  aaterials.  So,  in  Mort  [12]  is  assuaed  that  different 
aeans  of  hydrogen  bonds  can  lead  to  the  specific  differences  in  the 
packing  of  nolecuLar  chains  in  coaplex  ester  polyurethane  and 
polyurethane  on  the  basis  polyetners.  The  authors  proposed  the 
diagraa  of  the  formation  of  ayurogen  bonds  in  urethane  elastoaers 
(Fig.  16) .  The  bond  between  urecnane  and  ester  links  is  set  no 
liaitations  on  the  mutual  arrangement  of  the  urethane  sections  of 
chains  (Fig.  16a) .  The  emergence  or  the  hydrogen  bonds  between  two 
urethane  links  requires  their  specific  mutual  arrangeaent  in  chain 
(Fig.  16b) ,  which  can  lead  to  partial  ordering. 
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Fig.  16.  The  diagram  of  u-boad  la  the  urethane  elastometers:  a  - 
polymers  on  the  basis  of  polyesters;  b  -  polymers  on  the  basis 
polyethers;  1  -  urethane  sections  of  polymer  chain;  2  -  ester  groups. 

Page  52. 

In  the  study  of  the  proolem  concerning  the  role  of  hydrogen 
bonds,  one  should,  according  to  our  opinion,  bear  in  mind,  that  their 
value  in  the  physicomechauical  properties  of  polyurethane  elastomers 
is  small.  This  is  bondea  witn  tue  fact  that  in  elastomeric  systems 
the  relative  concentration  ot  tne  capable  of  formation  hydrogen  bonds 
of  urethane  groups  is  small  and  descends  with  an  increase  in 
molecular  weight  of  polyetner/polyester .  At  the  same  time,  the 
common/general/total  contribution  of  physical  reactions  to  the 
effective  network  density  of  polyurethane  elastomers  is  essential. 
This  is  caused  by  the  fact  tnat  the  presence  of  many  functional 
groups  in  polyurethane  cnarn  leads  to  the  significant  van  der  Naals 
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reactions  between  chains,  considerably  greater  than  in  the  case  of 
coaaon  (nonpolar)  rubbers.  Xnererore  there  is  great  interest  in  the 
inwestigation  of  interaolecular  interaction  between  the  component 
units  of  polyurethane  chain  ana  common  van  der  Haals  reactions.  The 
given  by  us  data  on  the  flow  properties  of  oligomers,  which  are  used 
for  synthesis  it  is  polyurethane,  distinctly  they  show,  what 
important  role  in  the  ccmoou/general/total  combination  of  properties 
play  the  common  van  der  uaais  reactions  (see  pg .  216). 

Different  picture  is  observed  for  crystalline  ones  it  is 
polyurethane.  The  formation  of  hydrogen  bonds  has  vital  importance 
for  those  crystallizing  it  is  pciy urethane,  especially  on  the  basis 
of  low-molecular  units.  Inese  bonds  define  both  the  crystal  lattice 
and  other  properties  of  polymers.  However,  in  contrast  to  polyamides, 
for  crystalline  ones  it  is  polyurethane  investigations  in  hydrogen 
bonds  carried  out  little. 

The  IR  spectra  of  polyether/polyesters  it  is  polyurethane  they 
are  described  in  works  [HI,  d2j.  These  objects  are  capable  of 
existing  in  two  crystalline  forms,  if  in  the  chain/network  of  the 

structure  ^  9 

II 

(_c_  (CH,),  — C— O—  (CH,),  -0-Ar— O—  (CH,),  -O-t, 

Ar-m-  or  n-phenylene.  For  different  polymers  are  determined  the 
strips  of  crystallinity  in  different  modifications.  Depending  on 
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crystalline  fora,  can  be  tocaed  the  hydrogen  bond.  The  appearance  of 
hydrogen  bonds  is  capable  of  staoilizing  crystalline  aodifications. 
These  works  indicate  the  value  of  hydrogen  bonds  in  the  crystallized 
polyaers  of  urethane  series/nuaber. 

Por  capable  of  crystalixzati.oa  polyaaidourethanes  the  IR  spectra 
are  coapared  with  roentgenographxc  investigations  [29].  Talcing  into 
account  that  the  hydrogen  ooads  between  separate  aolecules  affect 
both  the  conformation  or  aolecules  themselves  and  their  packing  in 
crystal  structures,  and  that  besxues  the  principle  of  tight  packing 
must  be  observed  the  principle  of  the  maximum  saturation  of  hydrogen 
bonds,  is  proposed  the  ptobaole  model  of  the  arrangement  of 
aacroaolecules  in  the  ccystalxine  regions  of  poly aaideurethane. 

Page  53. 


In  the  literature  there  are  some  data  according  to 

inter molecular  interactions  xn  tne  connections,  which  are  components 

it  is  polyurethane.  Are  xnvestxgated  intra-  and  intermolecular 

hydrogen  bonds  in  glycols  £255,  25b],  with  the  aid  of  spectroscopy 

are  studied  the  intr amciecular  bonds  in  some  polyoxyalkylenediols 

[31].  For  pol yoxypropylenegiycol  and  poly-tetrahydrof uran  of 

1 

absorption  band  3480  and  cm-*,  they  are  referred  to  the 


oscillations  of  the  OH-groups,  xncluded  in  hydrogen  bond,  but  3640 
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CB-»  -  to  free  OH-group  an  poly-tetrahydrof uran .  Fro«  the  teoperature 
dependence  of  the  absorptaou  coefficients  for  the  strips  of  the  free 
and  bonded  by  hydrogen  bond  OH-groups,  is  calculated  the  energy  of 
intranolecular  hydrogen  bond  according  to  method  [33].  It  is 
establish/installed,  that  tnis  energy  for  the  investigated  systems  is 
2. 1-2.8  kcal/mole.  However,  it  is  necessary  to  bear  in  mind,  that 
these  reactions  are  determaned  in  essence  by  end  groups. 

Thus,  the  applicataon/use  of  spectroscopic  methods  to 
investigation  it  is  polyurethane  it  makes  it  possible  to  give  the 
qualitative  characteristics  botn  of  the  chemical  structure  of  grid 
and  some  types  of  inter  molecular  xnteractions  in  polyurethane 
amorphous  and  crystalline  structure.  Nevertheless,  the  creation  of 
the  ordered  theory  of  properties  at  is  polyurethane,  that  is  based  on 
detailed  qualitative  and  quantitative  spectral  analysis,  it  remains 


the  business  of  the  future. 
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Chapter  IV.'^VITB  IFICATIOh  AND  PUAiB  TRANSFOSdATIOHS  IN  LINEAR  AND 
THHEB-DIMEMSIONAL  POLYUBtrUANES. 

VITRIFICATION  OF  AMORPHOUS  POLYURETHANES. 

It  is  known  that  the  teapecature  of  vitrification  (rj  of 
polyaers  is  defined  by  oota  the  internal  mobility  or  flexibility  of 
polymer  chains  and  by  forces  of  intermolecular  interaction,  to  a 
considerable  degree  which  depend  on  the  presence  in  the  chains  of 
polar  groups.  Thus,  polymers  depends  on  length,  nature  and 

structure  of  their  chains  (speecn  it  goes  about  amorphous  the  not 
modified  by  fillers  or  piastrcixers  polymeric  systems). 

All  factors  indicated  for  it  is  polyurethane  they  are  determined 
by  the  properties  of  their  initial  components,  i.e.,  by  the 
properties  of  glycols  (etner  glycols)  and  of  diisocyanates. 
Consequently,  the  properties  of  initial  components  their 
relationship/ratio  in  polymer  chain  in  essence  must  determine  it 

is  polyurethane. 


I 


DOC  =  79011104 


PAGE 


Is  studied  dependence  of  polyester-urethane  elastoners  on 
the  structure  of  initial  glycols,  in  particular,  fron  the  presence  of 
sinple  ether/ester  bonds  in  aain  chain  and  its  lateral  suspensions, 
and  also  fron  a  number  of  methylene  groups  in  glycol  [93]« 

Together  vith  7'^.  which  determined  on  the  tool,  described  in 
[113]  on  pendulum  elastomer  KS  [52],  investigated  elasticity  of 
polyurethane  elastomers  on  the  basis  of  complex  oligoester  and 
toluene-2, 4-diisocyanate  with  ao  average  molecular  weight  of 
approximately  20  000.  According  to  the  minima  of  the  curves  of  the 
temperature  dependence  of  elasticity,  they  calculated  the  temperature 
of  the  minimum  of  elasticity  (7’,„)  (table  14)  . 

Prom  the  data  of  table  14,  it  is  evident  that  the  increase  of 
the  concentration  of  C-O-C — group  in  the  main  chain  of  polymer  leads 
to  successive  reduction  T^.  The  constant  for  this  ser ies/number  of 
polymers  difference  between  and  testifies  to  the  clearly 
expressed  quantitative  bond  oetween  these  two  values. 
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Table  14.  Teaperatures  of  the  transitions  of  polyurethane  elastomers. 


ru 

nomMcp 

rc 

^tmn 

FlojiHAH^TMAeHiiAHnHHaTypeTaH 

-39 

—13 

niVIHTpH»THAelUIAHnHHaTypeT«H 

—42 

-16 

rioflMreKca^TMJieHaAMnHiMTypeTaii  Of) 

—44 

-18 

Key:  (1).  Polymer.  (2).  Polydietny leneadipinate  urethane.  (3). 
Polytriethyleneadipinate  uretaane.  (4) .  Polyhexaethy leneadipinate 
urethane. 

Note:  For  all  polymers  Ar - -  '‘miH  =  »'’ 

Page  55. 

The  observed  character  of  change  is  explained  by  weakening 
inter aolecular  interaction  as  a  result  of  the  decrease  of  the 
concentration  of  strongly  polar  complex  ester  groups  in  polymer  chain 
with  an  increase  in  the  length  of  the  monomer  unit  of  initial  glycol. 

Based  on  the  example  or  polydiethylene-  and 
polypentmethyleneadipateucetnane,  which  are  characterized  by  only  the 
presence  in  the  glycol  liaxs  ot  ca^ — group  instead  of  ether/ester 
oxygen,  it  is  shown,  that  ausence  of  C-o-C— group  leads  to  reduction 
1\.  This  is  explained  by  tne  possroility  of  the  joining  of 
ether /ester  oxygen  by  hydrogen  bonds,  that  leads  to  a  reduction  in 
the  mobility  of  chain. 
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At  the  sane  tine  fee  polypcopyl-  and 
polyaethoxynethYlethyleneadipateurethane,  which  ace  characterized  by 
only  the  structure  of  the  lateral  groups 

- NHCO— 10— CH— Cfl.OCH,OCO  (CH,),  CO— J„ - , 

I 

CH, 

I 

CH, 

I 

CH, 

— -NHCO-  |0— CH-CH,OCH,OCO (CH,), CO-),- — . 

I 

CH, 

I 

O 

(in, 

the  absence  in  the  side  chain  of  ether/estec  oxygen  does  not  affect 
vitrification  tenpacature  which  foi:  both  of  polyners  is  identical. 

Study  it  is  polyurethane,  obtained  on  basis  glycols  with  the 
even  and  odd  sequences  of  nethylene  groups  with  the  general  foraula 

- NHCO-  [0  (CH,)„OCO  {CHs)4C01, - . 

where  n=2,  3,  4,  5,  it  showed  that  the  polyners  with  odd  nunber  n 
have  lower  T^,  than  with  evea  (Fig.  17)  . 

Is  investigated  dependence  of  polyurethane  elastoners  on  the 
basis  of  polyoxypropyleneglycol  and  toluene-2, 4-diisocyanate  or 
hexanethylenediisacyanate  on  the  sole  concentration  of  urethane 
groups  [317]  (Fig.  18)  . 
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As  can  be  seen  fros  Fiy.  for  both  it  is  polyurethane 

linearly  it  increases  witn  an  xacrease  in  the  concentration  of 
urethane  groups.  Por  an  elastoaer  on  the  basis  of 

tolnene-2,4>diisocyanate,  the  slope  angle  is  direct/straight  greater 
than  for  an  elastoaer  on  the  basis  of  hexaaethylene  diisocyanate, 
which  is  caused  by  a  siauitaneous  increase  in  the  concentration  both 
of  urethane  and  phenylene  groups;  the  latter  also  increase  rigidity 
of  chains.  However,  extrapolation  to  curve  T^  —  C  to  C=0  for  both  of 
elastoaers  gives  T^,  the  appropriate  same  for  high-aolecular 
polyoxypropyleneglyc ol . 

Page  56. 

Analogous  dependence  on  C  is  found  for  poly urethaneacrylate 
[1281  o®  basis  of  ciigohydcoxy propyleneglycol, 

toluene-2, 4-diisocyanate  and  aono-aethacrylic  ether/ester  of  ethylene 
glycol.  However,  in  this  case  slope  angle  straight  line  T^  —  C  is  sore 
than  for  the  given  above  elastoaer  with  analogous  oligoestar  and 
diisocyanate  units.  This  is  explained  by  the  presence  in 
polyurethaneacrylate  of  the  strongly  polar  cowplex  ester  groups, 
which  condition  the  lower  aobility  of  polywer  chains  with  the  saae 
concentration  of  urethane  groups,  as  in  the  conpared  elastomer. 
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We  investigated  ia  the  secies/nunber: 
oligodiethyleneglycoladipata  (OE) ,  linear  oligourethane  (prepolyaer) 
and  cross-linked  polyuretnane  elastoaer  diisocyanate 

coaponent  served  the  aizture  of  isoaers  2.4-  and  of 
2« 6-toluenediisocyanate  (TOI'ls)  ,  but  by  the  crosslinking  agent  -  an 
eguiaolar  aizture  of  di-  and  triethanolamine.  Vitrification 
teaperature  uas  defined  by  tae  difierential-theraal  analysis  as  in 
[38]. 


The  influence  of  molecular  wexght  of  oligoester  on  is  shown 
on  Pig.  19,  froa  which  it  rs  evident  that  higher  than  aolecular 

r, 

weights  hOOO/^is  not  practically  changed. 

If  we,  according  to  [16],  consider  that  constancy  is  reached 
at  molecular  weight,  which  corresponds  to  such  for  a  aechanical 
segaent  chain,  then  it  is  possible  to  assume  that  for 
polydiethyleneglycoladipate  mechanical  segment  is  the  cut  of  chain 
with  a  aolecular  weight  o£  approzimately  4000. 

Were  studied  prepoiyaers  and  elastomers  whose  oligoester  units 
had  aolecular  weight  1600  (OK-1)  and  4100  (OB-2)  ({able  15). 


1 
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Pig.  17.  Dependence  Tt  oa  a  guantity  of  CH^ — group  in  the  glycol 
segeent  of  polyurethane  chain. 


Fig.  18.  Dependence  Tc  on  eoie  concentration  of  urethane  groups  (C) 
of  polyurethane  elastooecs  on  oasis  of  oligohydroxypropyleneglycol 
with  toluene-2, 4'diisocyanate  (1)  and  oligohydroxypropyleneglycol 
with  1,6-hexaaethylene  diisocyanate  (2)  . 


Key:  (1).  nole/IOOG  g 
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Consequently^  in  one  of  then  aolecular  weight  corresponds  to  the 
length  of  nechanical  segaeut*  hut  tn  another  it  is  aore  than  twice 
less. 


Proa  the  data  of  table  15«  it  is  evident  that  the  presence  in 
the  chain  of  prepolyaer  and  cross-linked  elastoaer  of  urethane  groups 
together  with  coaplex  ester  groups  leads  to  significant  increase 
in  the  latter  in  coaparlson  with  initial  oligoesters.  In  this  case, 
prepolyaers  (Fig.  20)  with  the  identical  length  of  oligoester 
units  linearly  grow/increases  not  with  an  increase  in  aolecular 
weight,  but  with  an  increase  in  the  nolat  fraction  of  diisocyanate 
coaponent  in  the  nolecule  or  prepolyaer. 


I 

t 

I 

i  ? 

T' 


I 
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Fig.  19.  D«p«adance  Tc  on  aolecular  walght  (H)  of 
po 1yd let hyleneglycol adipate. 


Table  15.  Relationship/racio  o£  initial  coiponents  and  characteristic 
of  the  specieen/saaples  of  oligoester,  prepoly aers  and  elastoaers. 


Ol 

MtwiaHan  4oJia  kom* 

J 

(1) 

noH«HToa 

HoMep 

o6pa- 

9ua 

Odpaseu 

03 

3 

R 

S  A 

3  5 

S 

cl 

H 

E 

M 

« 

K 

c 

X 

Alt 

05 

U 

*  t- 
k. 

U. 

k 

<3 

2  ^ 

<Si 

0;iHro34)Hp  1 

1600 

—60 

-51 

-55,5 

9 

K);iHro3^H'p  2 

— 

— 

— 

- 

4100 

-50 

-45 

—47,5 

5 

3 

<t>opnoJiHMep  Ha 

2,0 

1. 00 

— 

0.50 

3430 

—46 

—38 

—42 

8 

4 

(MiHroacpi^  1 

2.0 

1.50 

0.75 

3500 

-4.3 

—33 

-38 

10 

5 

1.0 

1.00 

— 

1.00 

6300 

—42 

-31 

—36,5 

11 

6 

1.5 

2,00 

_ 

1.3.1 

4500 

—39 

-26 

—32,5 

13 

7 

1.0 

2.00 

2.00 

1990 

-33 

-20 

-26,5 

13 

8 

<:)opn<uiHMep  Ha 

2.0 

1.00 

— 

0.50 

7500 

-50 

-40 

-45 

10 

oHHroafpHpe  2 

9 

eopnojiHMep  Ha 

2.0 

1.50 

— 

0,75 

13500 

-45 

-.38 

-41,5 

7 

OHHroaAHpe  2 

-38 

10 

<a> 

1.0 

1.00 

1.00 

5500 

—45 

-41.5 

7 

II 

1.5 

2.00 

_ 

1,33 

5000 

-46 

—35 

—40.5 

9 

12 

(Hi) 

1.0 

2,00 

— 

2.00 

4800 

—44 

—35 

—39,5 

9 

13 

SaacToiiep  Ha 

1.0 

1.07 

0.017 

1.07 

—44 

—26 

-35 

18 

OJIHPOi^Hpe  1 

0,0.15 

14 

1.0 

1,10 

1.10 

-41 

-25 

-33 

16 

15 

I.O 

1,15 

0.070 

1.15 

—40 

-24 

-32 

16 

16 

Sjiac^^p  Ha 

I.O 

1.20 

1.20 

—39 

-24 

-31,5 

15 

17 

1.0 

1.15 

1.15 

-45 

—34 

-39,5 

9 

onHro94>Hp«  2 

18 

1.0 

1.20 

0.100 

1.80 

fl 

-46 

—34 

-39.6 

9 

Key:  (1).  The  sole  fraction  of  coaponenta.  (2).  Raaber  of 
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speciaen/sample.  (3).  Sp«ca.aafi/saafle.  (4),  Cross-linking  agent.  (5). 
start.  (6).  end.  (7).  average,  (tt)  .  oligoester.  (9).  Prepolyner  on 
oligoester.  (10) .  Blastoaer  on  oligoester. 

Page  58. 

At  the  sane  tiae  curve  1  iie/rests  above  and  has  greater  slope  angle, 
than  curve  2.  This  phencnenon  xs  explained  by  the  higher 
concentration  o£  urethane  groups  per  unit  o£  voluae  of  prepolyner. 
which  contains  the  oligoester  units  of  snaller  nolecular  weight,  and 
by  a  note  significant  increase  xu  the  concentration  of  these  groups 
in  this  sane  prepolyner  in  proportion  to  an  increase  in  the  share  of 
diisocyanate. 

It  is  substantial  that  extrapolation  of  both  of  curves  to  the 
zero  value  of  the  nole  fraction  of  diisocyanate  gives  =  — 47~C,  which 
corresponds  such  sechanicai  segnent  of  polydiethyleneglycoladipate 
(see  Pig.  19)  , 

The  curve  of  depenuence  ob  nole  concentration  of 
urethane  groups  for  prepolyners  (Fxg.  21)  has  the  sane  character,  as 
analogous  curved  for  it  xs  polyurethane  another  nature  (see  Fig.  18). 
In  this  case,  data  of  both  of  prepolyners  lie  down  on  one  and  the 
sane  curve,  which  indicates  the  doainant  role  of  the  concentration  of 
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urethane  groups  in  change  in  polyetherurethane. 

In  turn,  the  transition  iron  prepolyner  to  the  cross-linked 
elastoner  is  not  accoapanied  uy  tnis  significant  increase  T^,  as 
transition  from  oligoester  to  the  prepolyner  (see  Table  IS) .  Hence 
follows  the  conclusion  that  the  transition  fron  oligoester  to 
prepolyner  leads  to  a  sharp  guaiitative  change  in  the  properties  of 
the  nolecule,  in  which  the  properties  of  initial  units  seeningly 
partially  are  lost.  New  nolecule  (nolecule  of  prepolyner)  is  the 
independent  kinetic  unit/one,  wnicn  is  characterized  by  its  own 
nobility. 


I*' 
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Fig.  20.  Dependence  7^  (1  iind  2)  and  nolecnlar  weight  (3  and  4)  fcon 

■olac  ratio  of  oligoester  and  diisocyanate  for  prepolyaers  on  the 
basis  of  oligoester  with  M=1600  (1,  3)  and  4100  (2,  4). 


_ _ _ 


OS  At  it  tt  C/nnh/lOOOt 


Pig.  21.  Dependence  Tc  on  eoie  concentration  of  urethane  groups  (C) 
of  prepolyaers  on  basis  of  u£  with  n=4100  (1)  and  1600  (2). 
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Key:  (1).  Bole/IOOO  g. 

Page  59. 

Otherwise  the  loss  of  nobxlxty  by  such  system  would  occur  into  two 
stages  -  first  mobility  teix  because  of  the  joining  of  the  sections 
of  chains  of  polar  urethane  groups,  but  from  the 
preservation/retention/maintaining  of  the  mobility  of  oligomeric 
unit;  further  at  lower  temperature  occurred  the  loss  of  the  mobility 
of  oligomeric  units.  In  thxs  case,  we  must  observe  two  T^.  as  for 
block  copolymers  [159], 

From  the  value  of  the  dxtference  between  oligoester  and 
prepolymer,  prepolymer  and  elastomer  (table  16)  is  evident  that  the 
dominant  role  in  increase  T^,  aau  xt  means  in  a  reduction  in  the 
nobility  of  oligoester  units  iuto  elastomer,  plays  not  crosslinking 
agent,  i.e.,  not  transverse  oonds,  but  polar  urethane  groups  or 
physical  cross  connections.  Couseguently,  the  basic  contribution  to 
the  t hree~dinensional/space  grid  or  polyurethane  elastomers  introduce 
not  chemical,  but  physical  cross  connections  [115]. 


w 


An  increase  in  prepoiymers  o£  molecular  weight  of  the  oligoester 
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units  (see  Table  15)  is  accospaniea  together  with  reduction  by 
narrowing  the  temperature  xntervai  of  this  process,  which  is 
explained  by  the  decrease  of  the  mean  relaxation  time  of  polymer 
chains  as  a  result  of  an  increase  xn  their  nobility. 

To  analogous  conclusxon/derrvations  about  are  given  the 

thernonechanical  investigations  of  the  systems  (Pig.  22)  indicated .  /Is 
can  be  seen  from  the  character  of  thermomechanical  curves,  either 
oligoester,  or  prepolymer  is  not  revealed  highly  elastic  strain  and 
above  they  are  in  the  viscous  flow  state.  Only  cross-linking  into 

three-dinensional/space  gnu  adds  to  the  obtained  systems  highly 
elastic  properties.  The  comparison  thermomechanical  curve  elastomers 
on  the  basis  of  oligoesters  witn  different  molecular  weights  shows 
that  for  an  elastomer  on  the  oasis  of  oligoester  with  large  molecular 
weight  it  is  observed  togetner  with  highly  elastic  and  certain 
plastic  deformation,  which  is  explained  by  the  smaller  concentration 
of  chemical  and  physical  cross  connections  in  specimen/saaple. 
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^able  16.  Contribution  of  diisocyanate  and  crosslin king  agent  to  an 
increase  in  the  tenperature  of  the  vitrification  of  oligoester. 
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Key;  (1).  Nunber  of  speciaen/saspie.  (2).  Quantity  of  cross-linking 
agent.  (3).  prepolyner  (caicuiated)  ,  of  <*0.  (4).  elastomer,  ®C.  (5). 
Cross-linking  agent. 

Page  60. 

Entirely  another  picture  we  ooserve  in  the  case  of  polyurethane 
elastomers  with  carbon-chain  (oiigoisopr ene  and  oligobutadiene) 
oligomeric  units  [127]  (taoie  17).  With  the  synthesis  of  the 
elastomers  indicated  as  diisocyanate  component,  was  used 
toluenediisocyanate,  and  as  the  crosslinking  agent  served 
triethanolamine. 

It  is  very  substantial,  that  the  elastomers,  synthesized  both  on 

oligoisoprene  and  on  oligonutadiene  begin  to  devitrify  at  the  same 

temperature,  as  their  componeat  oligomers,  only  in  the  wider 
temperature  range. 


! 
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Fig.  22.  Theraonechanlcal  curve  ot  oligoesters  with  N=1600  (a)  and 
4100  (b)  and  synthesized  ou  thexr  basis  prepolyners  and  elastoners;  I 
-  connon/general/total  detoraation;  II  -  irreversible  deforaation 
(nuaber  they  correspond  to  me  numbers  of  speciaen/saaples  table  15). 


Table  17.  The  teaperature  characteristic  the  vitrification  of 
polyurethane  elastoaers  and  their  oligoaeric  coaponents. 
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Key:  (1).  Kelationship/ratio  or  roitial  coaponents.  (2).  Substance. 
(3).  Oligoaer.  (4).  Crossiicaiu^  agent.  (5).  it  began.  (6).  end.  (7) 
Oligoisoprene .  (8).  Elastoaer  on.  (9).  Oligobutadiene. 
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The  coaparison  of  the  data  of  Table  15  and  17  shows  that  the 
replacement  into  the  elastomer  of  the  oligoaerlc  unit  of  ester  nature 
to  hydrocarbon  leads  to  the  essential  difference  for  the  character  of 
vitrification  of  these  forms  of  polyurethane  elastomers.  Difference 
is  in  an  intermittent  increase  in  vitrification  temperature  upon 
transfer  from  the  esterglycols  to  polyurethane  elastomers,  which 
indicates  a  sharp  reduction  in  the  mobility  of  oligoester  unit  in  the 
composition  of  elastomer.  Transition  from  oligodiene  glycols  to 
polyurethane  elastomer  is  not  accompanied  by  an  abrupt  change  in  the 
mobility  of  oligomeric  units,  aoout  which  tell  the  identical 
temperatures  of  the  beginning  of  the  devitrification  of  oligodiene 
glycols  and  elastomers. 

An  increase  in  the  interval  of  the  vitrification  of  the 
investigated  elastojers  with  respect  to  initial  oligoglycol  is 
explained  by  the  presence  in  tnes  of  the  rigid  cuts  of  the  polymer 
chain,  formed  by  the  diisocyanate  component,  which,  interacting  with 
each  other,  increase  the  hardness  of  system,  impeding  the  course  of 
relaxation  processes.  All  tnis  in  the  final  analysis  affects  also  the 
relaxation  tine  of  polymer  chains.  An  increase  of  the  relaxation  tine 
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in  turn,  leads  to  the  expansion  oi  an  interval  of  the  vitrification 
of  elastoaer.  This  explanation  or  an  increase  in  the  interval  of 
vitrification  in  elastoaers  is  contirned  by  the  fact  that  an  interval 
of  vitrification  in  elastoaers  is  lowered  with  an  increase  in  the 
length  of  oligoaeric  unit,  i.e.,  with  a  reduction  in  the  share  of 
diisocyanate  coaponent  pec  unit  of  voluae  of  the  elastomer  (see  Table 
17)  , 


The  special  feature/pecuiiarity  of  the  behavior  of  polyurethane 
elastomers  on  the  basis  of  oligodiene  glycols  one  should  explain  by 
the  ne^polarity  of  oligodiene  units. ^he  absence  of  polar  groups  in 
the  chain  of  oligodiene  units  aaxe  it  to  enter  into  strong 

interaction  with  diisocyanate  units  and  friend  with  other.  As  a 
result  the  possibility  of  formation  of  stable  physical  bonds  is 
insignificant.  Therefore  a  sharp  reduction  in  the  nobility  of 
oligoaeric  unit  in  the  composition  of  elastomer,  as  this  occurred  for 
the  case  of  the  ester  nature  of  unit,  is  not  observed. 

The  coaparison  of  the  temperature  intervals  of  the  vitrification 
of  the  elastoaers,  obtained  on  oiigoisoprene  with  molecular  weights 
of  2600  and  5500,  shows  that  the  elastomer  with  the  units  of  larger 
molecular  weight  has  the  smaller  temperature  interval  of 


ih 


devitrification 
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Transition  fron  glassy  stats  to  highly  elastic  for  polyurethane 
elastoaers  with  oligodiene  untts  occur/flow/ lasts  in  the  wider 
teaperature  interval  (see  Table  17),  than  in  elastoaers  with  the 
units  of  the  ester  nature  (see  Taole  15) .  This,  obviously,  it  is 
possible  to  explain  by  the  hoaogeoeity  of  basic  physical  bonds  in  the 
elastoaers,  which  contain  the  units  of  ester  nature,  and  by  the 
heterogeneity  of  the  saae  rn  elastoaers  with  the  units  of  hydrocarbon 
nature. 

Page  62. 

In  the  first  interaolecular  interaction  because  cf  the  presence 
of  polar  coaplex  ester  groups  rs  determined  mainly  by  the  hydrogen 
bonds  which  as  a  result  of  xdentical  intensity  for  entire 
extent/elongation  of  aacro-caaius  dissociate  in  sufficiently  narrow 
teaperature  interval.  In  the  second  because  of  nonpolar  nature  units 
interaolecular  interactron  rs  realize/accoaplished  in  essence  by  the 
dispersion  forces. 

The  wide  collection  of  the  rnteratoaic  distances  of  adjacent 
aacroaolecules,  caused  fy  tneir  relatively  snail  polarity,  causes 
fornation  between  the  chains  of  polyurethane  of  the  dispersion  bonds 
of  different  intensity  whose  destruction  nust  occur/flow/last  in 
significant  temperature  interval.  In  connection  with  this  we  assume 
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that  the  differences  in  coange  upon  transfer  froa  oligoaeric 
units  to  the  cross-linked  eiastoaers  for  polyurethane  elastoaers  with 
ester  and  hydrocarbon  nature  are  explained  by  a  difference  in  the 
character  of  the  physical  gria,  which  is  generated  in  polyurethane 
elastoaer.  In  turn,  in  poiyuretnane  elastoaers  with  the  ester  nature 
of  oligoaeric  units  the  predoainant  contribution  to  the  effective 
density  of  the  physical  grid  shouia  be  played  by  hydrogen  bonds. 

Thus,  aaorphous  is  polyurethane  it  is  predeterained  by  both 

the  cheaical  nature,  structure  and  aolar  fraction  of  coaponents  of 
polyurethane  diisocyanates  and  glycols  and  by  aolecular  weight  of  the 
latter.  The  basic  contribution  to  increase  cross-linked  is 
polyurethane  in  comparison  with  initial  oligoglycol  it  introduces  not 
spatial  structure  it  is  polyurethane,  but  the  presence  in  them  of  the 
urethane  groups,  which  play  tne  doainant  role  in  the  foraation  of 
secondary  physical  bonds. 


f-r- 
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PHASE  TRANSPORTATIONS  AND  PURIFICATION  OP  LINEAR  ALIPHATIC 
POLTORBTHANBS  ON  THE  BASIS  OP  LOW-«OLBCO LAR  GLTCOLS. 


Properties  it  is  polyurethaoe  they  depend  substantially  on  that, 
will  be  it  glycol  cowprised  aonoaer  or  oliqoaer.  In  the  case  of 
aonoaeric  glycols,  the  generatiog  polyurethane  in  essence  are 
crystallized,  whereas  capability  for  crystallization  it  is 
polyurethane  with  oligoglycol  units  it  is  not  the  necessary  result  of 
the  cheaical  nature  of  charn.  Taerefore  it  is  expedient  to  exanine 
the  questions,  bonded  with  pnase  transforaations,  for  each  fora  it  is 
polyurethane  separately. 


? 
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Fig.  23.  The  dependence  oJ:  melting  point  it  is  polyurethane  on  the 
basis  of  butanediol  and  linear  aliphatic  diisocyanates  fron  a  nunber 
of  carbon  atoms  for  target/purpose  (n)  the  latter. 
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Key:  (1).  Diisocyanate.  .  Giycui.  (3).  Properties.  (4). 

Butanediol.  (5).  Very  veil  it  xs  pulled  out.  (6).  Hezanediol.  (7). 

The  sale.  (8).  Decanediol.  (9).  Propanediol.  (10).  Pentanediol.  (11). 
Monanediol.  (12).  Horn-line.  (13).  trans-,  cis-.  (14).  Hell  ropy, 
brittle.  (15).  trans-.  (16>.  it  is  decoapose/ezpanded .  (17). 
Badly/poorly  ropy.  (18).  Bopy.  (19).  Dodecanediol .  (20).  Foraing 
fiber,  brittle. 

Page  64. 

Linear  polynrethane  on  the  basis  of  low-aolecular  glycols  have 
Boch  in  coBBon  with  analogous  polyaaides.  So,  this  fora  is 
polyurethane  it  possesses  the  capacity  to  ropy,  and  therefore  is  of 
interest  as  the  fiber- foraing  aaterial.  For  it  is  polyurethane  just 
as  for  polyanides,  is  cbservea  a  zigzag  change  in  the  Belting  point 
with  a  change  in  the  nuater  of  aetnylene  groups  between  the  polar 
groups  of  chain  (Fig.  23).  aelting  point  it  is  polyurethane  with  even 
nuBber  of  aethylene  groups  nigaer  than  in  their  nearest  polyaer 
hOBOlogs,  which  contain  the  odd  nuaber  of  aethylene  groups  in 
hydrocarbon  chain/netwock. 

The  properties  of  linear  ones  it  is  polyurethane  strongly  they 
depend  on  nature  and  structures  iron  coaponents,  which  can  be  judged 
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according  to  data  {'able  Id  £  170  j. 

Let  as  pause  at  the  pcesenration  of  existing  in  literature 
inforaation  which  concern  separate  aliphatic  ones  it  is  polyurethane. 

Polyurethane  on  the  basts  or  1 , 6-aexanet hylenediisocyanate  and 
1,  g-tetraaethyleneglycoi  (perlon-U) . 

Known  a  significant  quantity  of  crystallizing  aliphatic  ones  it 
is  polyurethane,  but  is  solxvliy  studied  the  structure  of  polyurethane 
on  the  basis  of  1, S-hexaBethyleaediisocyanate  and  1 , 4-butanediol 
(perlon-0  or  4,6-PtJ)  .  Tnis  is  explained  by  the  fact  that  this 
polyurethane  already  found  practical  application/use  as  the 
fiber-foreing  material. 

For  the  first  time  structure  of  4,6-PU  described  Brill  [177], 
then  Zahn  and  Minther  [J49,  3b0  j,  and  also  Borchert  [174], 

Diagrammatic  representation  or  the  structure  of  unit  cell  of 
4, 6-pn,  proposed  by  Brill,  is  given  in  Fig.  24.  The  authors  indicated 
assign  to  this  polyurethane  anocthic  lattice  with  the  following 
parameters  of  unit  cell: 
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Triclinic  crystal  iattxce  or  4,6-PD  consists  of  the  "flat/plane 

grids"  [147,  170]  whose  adjacent  aacroaolecules  are  connected  through 
/  dotted  Ifng)-  Xr\~^*-=Tn  t-We  '^p  ^o-n  e.  S  "  Qy~e  a'Vr  Q-  c  pelt’d  / 

the  regularly  repeated  sections  by  M-bridges  (Fig.  25,  /\  '  each  other, 

is  foraed  threa-diaensionax  lattxce. 


Page  65. 

Thus,  4,6-PU  it  is  pacKed  according  to  the  type  of  layer 
lattice.  In  this  case,  at  the  direction  of  chains  (axis  c)  lie/rest 
aain  valence  bonds,  in  "rlat/plane  grid"  (axis  a)  act  the  hydrogen 
bonds.  Between  "flat/plane  grxds"  the  bond  is  realize/acconplished  by 
van  der  Raals  forces  (axis  c) . 

The  usually  crystaiiiziag  poiyoiers  do  not  forn  ideal  crystalline 
systeas  and  always  contain  sections  with  mono-,  two-  and 
three-diaensional  by  the  distur oance/breakdowns  of  crystal  lattice. 
Crystal  structures  with  mono-  and  two-dimensional  lattice 
iaper factions  call  pseudo-  or  paracrystalline  ones.  Similar 
structures  can  be  foraeu  also  in  polyurethane,  especially  in  the 
initial  (primary)  stage  of  crystallization. 
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Fig.  24.  Dlagcaa  of  the  eleaentacy  cells  of  4.6-polyurethane 

For  determining  the  degree  ot  order  (crystallinity)  in  4,6-PD 
according  to  the  data  oi  X-ray  studies  Kilian  and  Tenkel  [243,  244] 
calculated  the  integral  uegree  ot  the  crystallinity 

a  =  ~f/,de,  (IV.  1) 

7B. 

the  partial  crystallinity,  characterizing  the  hydrogen  bonds 
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a.  =  -l-  (1V.2) 

203 

and  the  partial  crystaliiaity,  caacacterizing  the  ran  dec  Vaals  bonds 

a,  =  ±  ^  /,.rfe,  (IV.3) 

((X»> 

where  T  -  the  total  intensity  o£  interference,  e,  and  «.  -  angles 

of  reflection  of  interference  (iOO)  and  (002)  respectirely ;  7^,  and 
/(,  -  Intensity  of  the  interference  of  the  crystalline  part  of  the 
spectrnn  when  e,  and  t),. 

The  diffraction  curves  of  4,b-Pn  (Fig.  26)  show  that  with  a 
tenperature  rise  the  intensity  of  van  der  Maals  bonds  is  lowered  and 
their  characteristic  peak  practically  disappears  at  the  nelting  point 
of  polyaer.  The  intensity  of  hydrogen  bonds  practically  does  not 
change  up  to  nelting  point. 

This  phenomenon  very  visually  reflect/represents  the  character 
of  the  curves  of  the  dependence  of  the  integral  and  partial  degrees 
of  crystallinity  of  4,6-FU  on  temperature  (Fig.  27),  calculated  by 
fornulas  (IV. 1;  IV, 2  and  IV, d). 


Thus,  is  observed  difrerent  tenperature  dependence  of  the 
intensity  of  Interference  (200) ,  that  corresponds  to  V^n  der  Vaals 


PAGE 
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bonds.  This  dependence  testifies  to  the  strength  of  "flat/plane 
grids"  and  about  the  fact  that  crystal  structure,  caused  by  hydrogen 
bonds,  regains  unchanged  up  to  melting  point. 
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Page  67. 

Simultaneously  with  the  decomtjosit ion  of  "Elat/plane  grids" 
occurs  the  spontaneous  deco a position  of  interplanar  van  der  Haals 
bonds;  howeverr  a  gradual  reduction  in  their  intensity  with  a 
temperature  rise  is  observed  dlceady  considerably  lower  than  the 
molting  point  (-0®C)  . 
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The  diffraction  curves  of  the  exposed/persistent  at  different 
teaperatures  hardened/teapered  specinen/sanples  of  4,6-PU  (Fig.  28) 
show  not  the  identical  teaperature  dependence  of  hydrogen  and  van  der 
Vaals  bonds  in  the  course  of  its  crystallization  from  highly  elastic 
state.  The  integral  and  partial  crystallinity,  which  are 
characterized  by  Wan  der  Waals  nonds,  in  the  range  of  teaperatures  of 
0-100®C  coincide  (Fig.  29).  Migner  than  lOQoc  integral  crystallinity 
sharply  grows  on  because  of  an  increase  in  the  partial  crystallinity, 
caused  by  the  eaergence  cf  hydrogen  bonds.  However,  splitting  of  the 
aaxiaua  of  the  diffraction  curve  (see  Fig.  28)  is  observed  at  lower 
teaperatures,  which  is  especially  clearly  evident  froa  the  curves, 
given  for  4,6'*PU  [14].  ihis  phenoaenon  indicates  the  eaergence  of 
three-diaensional  crystalline  foraations  already  at  the  lower 
teaperatures  (see  Fig.  29). 

At  the  same  time  crystallization  of  4,6-PO  from  highly  elastic 
state  bears  in  stages  character.  To  temperature  of  100®C, 
aacroaolecules  are  stacked  in  essence  into  two-diaensional 
pseudocrystalline  structure  ana  only  higher  than  this  temperature  is 
foraed  aodern  crystal  structure  with  interaolecular  hydrogen  bonds. 
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Fig.  26.  The  diCfractioo  cucves  of  the  therealization/heat-treated  at 
high  tenperatures  speclEea/saapie  of  4,6-polyurethane:  1  -  H-bond;  2 
-  ran  der  Waals  bonds. 
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Pig.  27.  Teepecatuce  effect  on  degree  of  crystallinity  of 
4, 6-poly(irethane:  1  -  integral;  2  -  partial  according  to  van  der 
Saals  bonds;  3  -  partial  on  M-nond. 
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Fig.  28.  Diffraction  carves  of  taeraalization/heat-treated  at 
different  temperatures  hardened/tempered  specinen/sample  of 
4,6-polyurethane:  1  -  N-bond;  2  -  van  der  Haals  bonds. 


ol,% 


0  50  too  150  T.'‘C 


Fig.  29.  Temperature  effect  oo  degree  of  crystallinity  of 
hardened/tempered  4, 6- poiyacethane:  1  -  integral;  2  -  partial 
according  to  van  der  Haals  bonds;  J  -  partial  on  N-bond. 
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Cp.Hau/rtpad 


Pig.  30.  Teapecature  depcadeace  Cp  tot  4, 6-polpurethane. 

Key;  (1).  cal/g*deg. 

Page  69. 

The  influence  of  thermal  effect  on  structural  tcansforaations  in 
4,6-PO  is  investigated  £39,  43]  hy  the  method  of  dif f erential-theraal 
analysis  (DTA)  and  of  differeatial  aicco-calotiaetry  [19]. 

Figure  30  gives  temperature  dependence  Cp  ^or  a  crystalline 
(annealed)  specinen/sanpie  of  4,b-PU  in  the  range  of  temperatures 
fron  '■SO  to  200*>C.  Is  beloM  given  Cp  (cal/g*deg)  in  the  investigated 
teaperature  interval; 
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III  1 

OT  -50  AO  -10=  C  Cp  =  0.422  +  1.5- 10“^  T 
OT  45  AO  120=  C  Cp  =■  0,495  +  1,85  10“^  T 
OT  195  AO  210'C  Cp  =  0,665 

Key:  (1).  £roa.  (2).  to. 

In  the  range  of  teaperatuces  of  10-40  in  the  curve  of  heat 
capacity  (Fig.  31)  is  observed  tne  lift,  caused  by  the  eaergence  of 
the  segaental  aobility  of  aacroaoiecules,  the  caused  by  transition 
aaorphous  parts  of  the  polyaer  rroa  glassy  into  highly  elastic  state. 
Higher  than  120<*C  increase  in  tne  neat  capacity  significantly  is 
accelerated  and  tenperatuce  course  Cp  describes  the  peak,  which 
corresponds  to  nelting  the  crystalline  formations  the  nelting  point 
of  which  183®C. 

Calculated  according  to  the  data  of  the  wicro-caloriaetr y  of 
heat  of  fusion  of  4,6-PU  (without  the  account  to  the  degree  of 
crystallinity)  is  equal  to  20.7  cai/g.  The  heat  of  fusion,  deternined 
by  Method  of  DTA  for  a  speciaen/sanple  of  4,6-pa  with  lower  Melting 
point  (173®C) ,  render/showed  22.3  cal/g.  This  diver gence/disagreenent 
can  be  explained  by  the  greater  crystallinity  of  the  last/latter 
speciaen/sanples  of  the  polyurethane,  which  possesses  snaller 
Molecular  weight,  and  also  greater  error  for  the  quantitative 
definitions,  conducted  ty  Method  of  DTA. 
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Pig.  31.  Thermogcae  of  heatiag  aaocphous  4,6-polyQrethane. 

Page  70. 

The  thernal  behavioc  aaocphous  speciaea/saaple  of  4,6-PO, 
obtained  by  the  quenching  oc  saai-l  quantities  (O.OSd)  of  fusion/nelt 
by  liquid  nitrogen,  can  be  judged  also  fcon  thernogcaa  (Pig.  31) . 

At  tenperatuce  of  J6**C  in  differential  curve,  is  revealed  the 
juap  to  the  side  of  endcthersal  effects,  which  testifies  to  a  sharp 
increase  of  the  heat  capacity  of  polyner  as  a  result  of  the 
appearance  of  a  segaental  nobility  of  polyner  chains 
(devitrification).  Further  increase  in  the  tenperatuce  adds  optinal 
for  crystallization  nobility,  and  they  are  crystallized,  to  which 
testifies  the  presence  in  the  curve  of  sharp  ezothernic  peak  with 


! 
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apex/trectex  with  lOh^c.  Melting  iocoedi  crystal  structure  is 
characterized  in  essence  Dy  the  subsequent  endotheraal  peak  with 
apex/vertex  with  173<*C.  The  which  precedes  it  saall  endotheraal  peak 
with  apex/vertex  with  I4d<>c  also  cnaracterizes  of  nelting,  but  less 
Bodern  crystalline  foraations  wnose  energence  is  caused  by  the 
rigorous  conditions  for  crystallization.  This  phenonenon  indicates 
both  the  coBBensurability  of  the  areas  of  the  exothernic  peak  of 
crystallization  fron  such  noth  or  endothernal  peaks  of  Belting  and 
coincidence  of  the  teBpecatures  of  the  beginning  of  saall  peak 
(I370C)  with  the  teBperature  or  the  beginning  of  Belting  the  initial 
crystalline  speciaen/sanple,  which  has  the  sane  character  as  the  peak 
(see  Pig.  30)  [39].  Consequently,  the  data  of  Bicro-calorinetry  and 
DTA  are  in  good  agreenent  witn  the  data  of  X-ray  analysis,  so,  for  a 
crystalline  speciaen/saaple  of  4,6-P(J  in  region  of  130-160<*C  heat 
capacity  initially  relatively  slowly,  and  then  sharply  it  is  raised 
(see  Fig.  30)  .  This  behavior  is  explained  by  the  anisotropic 
character  of  crystal  lattice  fur  which  the  first  region  of  increase 
Cp  corresponds  to  the  gradual  aisappearance  of  van  der  Waals  bonds, 
and  the  second  -  to  relatively  rapid  decomposition  of  the  hydrogen 
bonds,  which  unite  nacroaolecules  into  "flat/plane  grids". 

Fig.  31  also  shows  well  the  aechanisB  of  crystallization  of 
4,6-PO  fron  highly  elastic  state.  The  sharp  exothernic  naxinun  of 
higher  than  lOO^’C  reflect/represents  the  formation  of  nodern  crystal 


T 
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Structure  vith  inter nolecuiac  hydrogen  bonds.  The  beginning  of 
saxisuB  characterizes  the  enecgence  of  the  pseudocrystalline 
structures  whose  part  does  uot  tiaaage  to  be  organized  in 
three-dinensional  structure  and  subsequent  nelting  of  which  it  is 
record/fixed  with  endotheraai  peax  with  148°C. 

However,  all  thecsograas  of  heating  indicate  the  higher 
teaperatures  of  vitrification  of  4,6-PD,  than  this  escape/ensues  from 
X-ray  data,  in  particular  from  Fxg.  29. 

Kinetics  of  the  cr ystaiiizatron  of  4,6-polyurethane.  Essential 
interest  are  of  data  on  kiaetxcs  ox  the  isothermal  crystallization  of 
4,6-pa,  which  nahe  it  possxole  to  draw  conclusions  both  about  the 
tenperature  dependence  of  the  crystallization  rate  and  about  the 
character  of  structucizatxon  in  polymer. 

Page  71, 

Kinetics  of  the  crystallization  of  many  homopolyaers  is 
coapletely  satisfactorily  described  by  equation  of  Abrani  [88] 
a=l— (IV, 4) 

where  ■  -  a  share  of  the  substance,  which  was  subjected  to  phase 
transfornation  for  tine  t;  n  -  constant,  which  characterizes  for  this 
substance  the  type  of  nuclei  forning  and  the  type  of  the  growing 
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stcactures,  is  taken  value  fcoii  1  to  4;  Kq  -  rate  constant. 

Kinetics  of  the  isotheraai  crystallization  of  4,6>pa  iron 
fusion/aelt  was  studied  ty  the  aethod  of  weighing  the  ''weights  of 
density"  [300]  and  differential  aicro-caloriaetry  [21].  The  procedure 
of  the  aicro-caloriaetrxc  stuaies  of  kinetics  of  the  crystallization 
of  polyaers  is  described  in  [17,  18].  Figure  32  in  seailogar ithaic 
coordinates  depicts  the  isotheras  of  crystallization  of  of  4,6-PO, 
the  constructed  according  to  data  aicro-caloriaetry. 

However  in  order  to  judge  kxnetics  and  type  of  the  growing 
structures,  one  should  deteraxne  Kq  and  n.  The  latter  are  deterained 
via  the  presentation/concept  or  experiaental  results  in  the  proposed 
by  Abraai  coordinates 


ig(— lg(l  —  a)|  — Igr. 
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Pig.  32.  The  dependence  at  the  degree  of  the  perfection  of  the 
theraal  effect  of  the  crystaili zatron  of  4, 6~poIy urethane  on  the 
logacitha  of  the  tiae  or  crystallization  at  teaperatures  (®C) ;  1 
162;  2  -  163;  3  -  165;  4  -  167;  b  -  169. 


Fig.  33.  Isotheras  of  crystallization  of  4 ,6-polYacethane  in 
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coordinates  of  Abraai  at  temperatures  (**C)  :  1  -  162;  2 
165;  4  -  167;  5  -  169. 
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Page  72. 


After  the  dual  logarituarc  operation  of  equation  (IV,  4)  we  have 
Ig  I-  Ig  (1-  a)l  =  Ig  0,434/C„  +  n  Ig  /. 

On  slope/inclinat icQ  reward  tne  axis  of  abscissas  by  the 
obtained  in  the  coordinates  indicated  straight  line  is  easy  to 
deternine  value  n,  while  according  to  cutting  off  intercept/detached 
by  it  on  the  axis  of  ordinates  -  value  Kq. 

Kinetics  of  crystallisation  4.6-PO  is  described  by  equation  (IV, 
4)  only  in  range  of  values  a  not  nigher  than  0.25,  after  which  are 
observed  systenatic  deviations  trou  theories.  Really/actually,  the 
observed  degrees  of  transfocaation  are  less  than  theoretical  (Fig. 

33)  . 


Values  n,  deterained  on  tne  nasis  of  the  straight  [88] 
corresponds  to  the  formation  eitner  of  flat/plane  structural 
cell/eleaents  on  heterogenic  eaoryos  or  linear  structures  on 
hoaogeneons  eabryos  (Table  19). 


t  » 
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On  the  bases  of  the  coaceaporary  concepts  about  laaellar 
character  of  crystallites  rn  polymers  and  possibility  of  existence  in 
fusion/nelt  4.6-PU  of  heterogenic  foraations  (the  individual  sections 
of  the  piles  of  aacr oaolecuies)  it  is  possible  to  assume  that  value 
n=2  answers  the  course  crystallization  with  the  foraation  of  laaellar 
crystallites.  This  will  agree  well  with  electron-aicroscope  [206]  and 
X-ray  ones  to  investigations  [245],  from  which  it  follows  that 
crystallites  in  4,6-polyutetnane  really/actually  flat/plane. 

As  a  result  of  the  investigation  of  kinetics  of  crystallization 
4,6-PO  with  the  aid  of  weigning,  tne  authors  [300]  coae  to  the 
conclusion  that  n-2.3  wnicu  cuotrauicts  other  data  [21]. 

Polyurethane  on  the  basis  oi  nexaaethylene  diisocyanate  and 
ethylene-,  diethylene-  and  trietnylene  glycols. 

As  a  result  of  their  f ibei-tocaing  properties  are  of  interest 
and  linear  aliphatic  polyuretnane  on  the  basis  of  ethylene  glycols. 


I 
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Table  19.  Characteristics  or  crystallization  for  4,6-polyurethane. 


‘C 

Ar  -  r*^  _ 
-T«p 

k  Ko 

II 

0 

162 

21 

—1,51 

1,95 

6,0 

163 

20 

—1,99 

1,88 

10,5 

165 

18 

—2,60 

2,00 

18,5 

167 

16 

—3,10 

2,06 

27,5 

169 

14 

—3,61 

2,08 

59,0 

Key:  (1)  .  min. 


POOTBOTE  *.  Helting  point  4.&-PU  of  183®C. 

Page  73. 

So,  x-ray  diffraction  analysis  investigated  of  melting  and 
crystallization  it  is  pciyuretbane  on  the  basis  of  hexamethy lene 
diisocyanate  and  ethylene-,  dietbyiene-,  triethylene  glycols  [14]. 

The  authors  [ 14  ]  come  to  the  conclusion  that  changes  in  nature 
and  structure  of  glycol  do  not  change  the  character  of  melting  and 
crystallization  it  is  polyurethane  on  their  basis,  i.e.,  in  these 
polyurethane  as  in  4.6-PU,  ot  melting  and  crystallization  two-stage 
Are  different  only  temperature  intervals  of  these  processes  which 
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depend  on  nature  and  length  o£  the  coaposing  polyurethane  units. 
However,  in  [14]  the  data  on  the  character  of  crystal  structure  of 
separate  fores  it  is  pciyuretnane  they  are  not  given;  by  analogy  vith 
4.6-PO  they  ascribed  anortnic  lattice. 

These  authors  in  [  15j  note  that  depending  on  crystallization 
conditions  polyurethane  on  tne  basis  of  ethylene-  and  diethylene 
glycol  are  capable  of  forcing  ditterent  crystalline  aodif ications .  on 
the  characteristic  features  of  crystallization  and  aelting,  it  is 
polyurethane  on  the  basis  of  dretnylene-  and  cf  triethylene  glycols 
testify  the  data  of  dif ferential-thernal  analysis  [43,  45]  and  of 
■icro-caloriaetry  [19,  20  J. 

In  contrast  to  4. 6-PU  for  is  polyurethane  on  the  basis  of 
diethylene-  (PODEG)  and  of  trietnylene  glycols  (PUTEG)  in  the  region 
of  melting  is  observed  the  coaipiex  course  Cp,  which  is  evinced  by  the 
presence  of  two  maxiwums  (Fxg,  34)  .  This  form  to  curve  Cp  in  the 
region  of  aelting  indicates  the  course  of  two  successive  processes  to 
each  of  which  corresponds  tne  specific  thermal  effect.  In  the  case  of 
PODEG  these  thermal  effects  divideu  could  not  be,  and  in  sun  they 
were  equal  to  19.8  cal/g.  The  sun  of  the  thermal  effects  of  melting 
PUTEG  15.3  cal/g  from  which  12. U  cal/g  answer  the  first,  and  2.5 
cal/g  -  to  the  second  thermal  effect. 
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Heat  vere  calculated  accocdiay  to  the  data  of  the  heat  capacity 
which  for  the  crystallioe  aaaeaied  spec iaen/saw pies  varied  within  the 
liwits: 

f{^‘i  aMiiVAar 

— 5*C  Cp  =  0.422  +  1,6 .  I0~®  T, 

00*C  C  =  0512  +  1,5  10~^  T; 

^  160‘C  C^  =  0,623; 

/T/ 

{Jh  OT  — sa,^  —20“  C  =  0,422  +  1,5  ■  10~^  T; 

^otoS^^C  C  -  0,308  +  2 .  10-^  T; 

^  OT  120  %  135“  C  =  0,631. 

Key:  (1).  For  PODEG.  (2).  from.  (J) .  to.  (4).  For  POTEG. 

It  should  be  noted  that  on  the  curved  tewperature  dependence  of 
the  heat  capacity  of  the  annealed  specinen/sawple  of  PODEG  in  the 
tenperature  range  of  vitrification  are  visible  two  distinctly 
expressed  lifts:  the  first  in  the  range  of  tewperatures  from  -5  to 
♦10®,  by  the  second  frca  JO  to  45®C.  For  POTEG  is  observed  only  one 
lift  in  region  froa  -15  to  -10®C. 

Page  74. 

The  curve  of  the  teaperature  dependence  of  the  heat  capacity  of  the 
hardened/teapered  (aaotphous)  speciaen/saaple  of  PUDEG  (Pig.  34, 
corves  2)  shows  that  in  range  troa  -50  to  -5®C  teaperature  course 
Cp  analogous  such  of  crystalline  (annealed)  speciaen/saaple.  In 
range  froa  -5  to  10®C,  the  heat  capacity  sharply  grow/increases. 
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which  Is  caused  by  the  tcaasxtioa  of  speciaen/saaple  froa  glassy 
state  to  highly  elastic.  After  is  observed  the  sharp  decrease  of 

heat  capacity.  This  is  bonded  wxtn  the  crystallization  of  the 
sections  of  aacroaolecules,  sufficiently  pliable  ones  for  the  course 
of  this  process.  On  conpletion  of  the  process  of  crystallization 
becoaes  soaevhat  less  than  for  the  sane  tenperatures  in  crystalline 
specinen/saaple,  after  85<*c  again  it  begins  to  decrease,  passing 
through  the  ainiaua  at  temperature  of  103<*C. 

On  the  basis  of  the  shape  of  the  curve  of  heat  capacity,  is  aade 
the  assunption  that  in  temperature  interval  of  50-1 00®C  proceeds  the 
slow  crystallization  process,  which  after  85®C  becoaes  conpletely 
noticeable.  Higher  than  11U®C  formed  in  the  course  of  heating  crystal 
structure  begins  to  be  decomposed;  in  this  case,  as  in  the  case  of 
crystalline  specimen/sampie,  melting  occur/flow/lasts  in  two  stages. 

Very  essential  is  the  eguality  of  the  values  of  heat  capacity  in 
fusion/nelt  and  highly  elastic  state,  which  testifies  to  the 
uniformity  of  the  character  of  interaolecular  interaction  in  these 
two  states. 

Given  data  of  distances  to  the  authors  [19]  basis/base  for 

following  conclusions  in  the  ratio/relation  to  to  crystallization  and 

Mltiag  P0DB6. 
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Pig.  34.  Teaperatare  depeaduoc^ 

for  PODEG  (a)  and  PUTEG  (o) i  1  -  crystalline  speciaen/saaple ;  2  - 
hacdened/teapered  speciaea/saiapie. 

Key:  (1) .  cal/g«deg. 

Page  75. 

Is  higher  than  vitrification  tenperature  in  the  temperature 
range  of  20'*45°C  crystal  structure  is  foraed  in  essence  because  of 
the  eeergence  of  hydrogen  nonds  in  planes  (emergence  of 
pseudocrystals)  .  Higher  than  50^*0  order  in  pseudocrystals  is 
increased,  and  in  interval  of  d5-110’*C  are  crystallized  the 
ether/ester  links,  which  up  to  thrs  torgue/moaent  acquired  sufficient 
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■obility.  simultaneously  Delius  tae  gradual  decomposition  of  crystal 
lattice.  The  first  peak  in  fusion  curve  of  Fig.  34  corresponds  to  the 
decomposition  of  bulk  of  crystals,  while  by  the  second  is  bonded  with 
the  decomposition  of  the  crystalline  sections,  formed  by  ether/ester 
links. 


The  complex  character  of  crystallization  and  melting  can  be 
explained  by  the  tendency  of  PUbEG  toward  the  formation  of 
polymorphic  crystal  structure  as  this  assumed  in  work  [43].  However, 
for  final  conclusion/der ivations  are  necessary  detailed  structural 
investigations. 

Are  of  interest  results  on  tae  investigation  of  the  effect  of 
the  depth  of  crystallization  of  PUDEG  on  the  character  of  a  change  of 
heat  capacity  in  the  region  of  vitrification.  Specimen/samples  with 
various  depth  of  ccystallizatron  are  obtained  as  follows.  The 
fusion/melt  PUOEG  was  hardened,  then  at  temperature  of  29°C  they 
crystallized  during  the  specific  time  under  isothermal  conditions  and 
again  they  hardened. 

During  the  analysis  the  vitrification  of  the  specimen/samples, 
subjected  to  dual  quenching,  besides  the  temperature  dependence  of 
heat  capacity  (fig.  35a}  ace  examined  the  change  with  temperature  and 
functions  Cp/r  (Pig.  35b},  for  which  Dol  and  the  coworkers  [156] 
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proposed  the  naae  encraty  and  desiynated  through  L.  Values  Q  indicate 
the  values  of  thersal  effect  (cal/g) ,  fixed  before  the  second 
quenching. 

Table  20  gives  the  eaxiBus  values  of  a  change  of  encraty  in  the 
region  of  vitrification  AL,  and  also  T^,  which  defined  as  the 
teaperatures  by  which  encraty  accepted  the  half  its  aaxiaua  value  and 
ACp  during  vitrification. 

Proa  the  data  of  table  20,  it  is  evident  that  with  an  increase 
in  the  depth  of  ccystallizatxon  of  P0DE6  the  teaperature  of  its 
vitrification  somewhat  is  arsaixgned  into  the  region  of  higher 
values,  and  the  temperature  interval  of  vitrification  is  expanded. 

For  the  annealed  speciaeo/saaple  (see  Table  19)  are  obtained  results 
separately  for  the  first  and  second  lifts  on  the  teaperature 
dependence  of  the  heat  capacity  (see  Fig.  34) .  For  the  coapletely 
aaorphous  specimen/saapie,  in  which  Q=0,  is  calculated  the  value  of  a 
change  in  the  heat  capacity  auring  vitrification  to  1  sole  of  links 
in  accordance  with  [  34  3].  In  the  case  C,  in  question  with 
vitrification,  it  was  0.196  c<ii/g*deg.  iolecular  weight  of  the 
repeated  section  of  the  aacroaolecule  of  POOEG  is  equal  to  274.3. 
According  to  [343],  this  section  contains  17  kinetic  links,  whence 
AC;  -  (M/17)  X  AC;  =  S  ac,  =  16,3. 0,196  =  3.J6  cnl/BOle*deg,  where  M  -  average 
solecnlar  weight  of  kinetic  link. 


DOC  *  79011105 


PAGE  4-1“ 


Page  76. 

Calculated  value  ACp  will  ajree  well  with  theoretical  (2.97 
cal/Bole  X  deg),  obtained  oa  the  basis  of  the  hole  theory  of 
vitrification  and  with  the  value  of  2.7  cal/Bole*deg,  found  during 
the  analysis  of  these  for  a  large  nuaber  Bonoaeric  and  organic 
glasses  [230,  243]. 

It  should  be  noted  that  tae  shift  of  PODEG  with  an  increase 

of  the  depth  of  crystallization  into  the  region  of  higher 
teaperatures  and  the  expansion  of  the  tenperature  interval  of  this 
process  they  indicate  constant  change  in  the  structure  of  aaorphous 
zones.  Together  with  coapietely  aaorphous  sections,  apparently, 
appear  the  aesoaorphic  regions,  which  condition  the  character  of 
transition  indicated. 
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Fig.  35.  Teaperature  depeudence  Cp  (a)  and  ai  (b)  for 
speciaen/sa spies  PUDEG  in  the  teaperature  range  of  vitrification 
after  dual  quenching  at  C  (cal/y> :  1  -  0;  2  -  7.6;  3  -  9.5;  4  - 
14.35;  5  -  16.3;  6  -  4.b=PU. 

Key:  (1)  .  cal/g«deg.  {2} .  cal/yadeg^. 


Page  77 
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The  fact  that  in  the  speciaen/saaple,  to  annealed,  the  first  lift  in 
the  curve  of  heat  capacity  is  observed  in  the  saae  teaperature  range, 
as  in  that  harden/tenpered,  testifies  to  the  presence  in  it  of 
noncrystalline  regions.  The  second  lift  in  the  curve  of  heat  capacity 
of  the  annealed  specinen/saupie  in  field  of  30-45OC  is  explained  by 
the  additional  nobility  of  tae  individual  sections  of  macromolecules 
PODEG.  Since  in  4.6-PO  is  observed  one  lift  approximately  in  this 
sane  temperature  range,  is  made  assumption  about  the  fact  that  the 
two-stage  character  of  the  vitrification  of  PODEG  in  a  some  manner  is 
bonded  with  the  presence  in  its  macromolecules  of  ether/ester  oxygen. 

The  experimental  data,  obtained  for  PDTE6,  also  indicate  the 
separate  crystallization  of  the  uiisocyanate  and  ethyl  glycol 
sections  of  polymer  chains.  However,  an  increase  in  the  length  of 
ethyl  glycol  unit  causes  the  considerably  larger  difference  between 
the  temperatures  of  the  maximuuis  of  peaks  in  fusion  curves  and 
somewhat  changes  the  relationsnip/ratio  of  the  temperatures  of  the 
maximums  (see  Fig.  34) .  for  PUT&G  this  relaticnship/ratio  depends  on 
the  heat  treatment  of  specimen/ sample . 

The  temperature  dependence  of  heat  capacity  and  encraty  in  the 
temperature  range  of  the  vitrification  of  the  subjected  to  dual 


DOC  *  79011105 


PAGE 


quenching  specinen/sanFles  PUTEU  is  given  in  Fig.  36.  The  basic 
quantitative  data,  which  chacactenze  the  vitrification  of  POTEG,  are 
given  in  Table  21.  Calculated  value  AC,  coaprised  for  POTEG  of  3.42 
ca l/aole*deg. 

For  the  speciaen/sanpies  PUTEG,  obtained  froa  fusion/aelt,  in 
contrast  to  PODEG  on  the  curved  temperature  dependence  of  heat 
capacity  in  the  temperature  range  of  the  vitrification  {see  Fig.  34) 
is  observed  only  one  lift.  This  fact  did  not  thus  far  obtain 
satisfactory  explanation. 

Isotheraal  crystallization  from  fusion/nelt  and  solution.  The 
isotherms  of  the  cr ystaiiization  or  f usion/nielts  PODEG  and  POTEG  in 
coordinates  Avrami  are  represented  in  Fig.  37,  38.  The  calculated  on 
their  basis  values  IgKo  and  u,  are  given  in  tables  22. 
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Table  20.  Characteristics  o£  the  vitrification  of  PUOEG. 


MU/t 

r„  -c  i 

1 

*>•? 

I’tl 

Sl't 

0 

—1 

6.6 

0.196 

7,60 

- 1 

4,6 

0.144 

9.50 

0 

4.1 

0,1.31 

14.35 

2 

3.1 

t  0,108 

16,30 

4 

1.9 

0.091 

43 

1.1 

0.054 

Key:  (1).  cal/g.  (2).  cal/gadeg*.  i3>  .  cal/g*deg. 

Table  21.  Characteristics  of  the  vitrification  of  PUTEG. 


1') 

Q. 

KOA/e 

Tf.  'C 

<1 

.  ^ 

0 

-13 

7.3 

0,215 

6,2 

-13 

5.8 

0,178 

10,3 

-13 

4,9 

0.153 

15.3 

-13 

3.15 

1 

0,107 

Key:  (1).  cal/g.  (2).  cal/g*cleg*.  (3).  cal/g*deg. 


Page  78. 


vrnm  the  Character  of  tsotheras  and  data  of  Table  22,  it  is 
evident  that  for  both  of  polyaers  nineties  of  crystallization  in 
entire  teaperature  interval  rs  subordinated  to  equation  of  Avraai.  In 
this  case,  for  PUTEG  in  entrre  teaperature  interval,  constant  n  is  in 
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effect  equal  to  two,  which  qives  grounds  to  assume  about  an  increase 
in  the  lamellar  crystallites  durinq  the  crystallization  of  this 
polyurethane  from  fusion/melt- 

Value  n=3  for  PUDEU  formally  indicates  an  increase  in  the 
flat/plane  structural  cell/eiements  on  homogeneous  embryos  or 
volumetric  ones  on  hetercgenic  ones. 

In  one  of  worics  [  242]  it  was  established  that  polyurethane  on 
the  basis  of  hexamet hy lene  diisocyanate  and  diethylene  glycol  reveals 
the  clearly  expressed  high  period  of  order  TOX.  On  basis  of  this,  the 
conclusion  is  made  that  crystals  in  this  polyurethane  ate  formed  by 
macromolecules  with  folding  structure.  Consequently,  it  is  possible 
to  assume  that  value  n=d  corresponds  to  the  formation  of  lamellar 
crystallites  by  the  mechanism  of  homogeneous  nuclei  forming.  An 
increase  in  three-dimensional  structures  on  heterogenic  embryos  is 
less  probable,  on  thus  far  stiff  it  is  not  possible  to  give  simple 
answer/response  to  a  question,  what  structure  is  formed  in 
crystallizing  PUDEG. 
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Pig.  36.  Temperature  depen4eace  q,  aod  AL  for  specimen/samples  PUTEG 
in  the  temperature  range  or  vitrification  after  dual  quenching  at  Q 
(cal/g)  :  1  -  0  2  -  6.2;  3  -  10.3;  <*  -  15.3. 

Key:  (1).  cal/g«deg.  (2).  cai/g*deg2. 

Page  79. 

They  Mere  conducted  optical- microscopic  investigations  of 
spherulitic  structure  of  PUTEG  [206].  Mere  studied  the  films. 


i 
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obtained  by  isothernal  ccystaiiization  fcon  the  lo/o  solution  of 
POTEG  in  the  nixtuce  of  dimethyl  foraamide  uith  acetone,  and  also 
froa  fusion/aelt.  Spherulitic  crystallization  froa  solution  was 
realize/accoaplished  in  the  range  of  teaperatures  of  80-40<>C.  It  is 
shown,  that  in  interval  or  80-60**C  increase  the  ring  spherulites, 
which  have  the  single  rings  of  extinction,  aoreover  the  sign  of  the 
double  refraction  (DL)  or  ring  is  positive.  At  temperature  of  55®C, 
increase  the  ring  spherulites,  which  have  the  dual  rings  of 
extinction  and  alter nating/variabie  sign  DL  along  the  radius  of  the 
spherulite:  wide  bright  ring  has  positive  sign,  and  narrow  bright 
ring  -  negative  (Fig.  39a,  ca  giumg-in)  .  With  a  temperature  decrease 
of  crystallization  to  50®C,  sharply  is  changed  the  picture  of 
spherulitic  crystallization  -  tney  appear  the  mixed  spherulites.  At 

increase  predominantly  the  spherulites  with  ring  center  and 
radial  periphery  (Pig.  36. d)  ,  wuile  at  ‘»40®C  -  the  aired 
spherulites  whose  center  taies  the  spheral ite-Iike  fora,  and 
periphery  radial  (Fig.  39c).  At  tnis  sane  teaperature  increase  the 
virtually  completely  radial  spherulites,  in  which  fairly  often  is 
observed  the  vividly  glowing  center  (Fig.  39d) .  Sign  DL  of  radial 
spherulite  negative,  and  center  is  predominantly  positive. 
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Fig.  37.  isotherns  of  the  crystallization  of  FUDEG  froa  fusion/aelt 

4-  lOJ.Si 

in  coordinates  of  Avrani.  1  -  95;  2  -  ;  3  -  lOC  ;^5  -  105;  6  - 

107.7;  7  -  109OC. 

Fig.  38.  Isotherms  of  crystallization  of  PDTEG  from  fusion/aelt  in 
coordinates  of  Avrami:  1  -  b9;  2  -  72;  3  -  75;  4  -  78;  5  -  81;  6  - 
850C. 


Page  80. 

Isotheraal  crystallizatron  from  fusion/melt  mas  conducted  in  the 
range  of  temperatures  ftca  99  to  75®C.  It  is  reveal/detected  that  in 
teaperature  range  from  99  to  9j<’c  increase  the  spherulites,  which  do 
not  hare  the  cross  of  extinction  (fig.  40a,  see  insert) .  In  the 


('■ 

i, 
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cell/eleaents,  directed  along  the  radius  of  spherulite,  positive  or 
negative  sign  DL  almost  all  its  over  length.  The  regular  arrangement 
of  radial  structural  cell/elements  is  not  observed. 

Abrupt  changes  in  morphology  of  spherulites  occur  during  further 
temperature  decrease  of  the  crystallization  in  all  on  several 
degrees.  In  this  case,  occur  the  following  two  phenomena:  first,  the 
structural  elements  of  spherulites  seemingly  begin  to  be  collected 
into  "sheaves";  in  the  second  place,  DL  of  spherulites  it  becomes 
predominantly  positive.  Host  clearly  this  is  developed  at  T^'^90^C 
(Fig.  40b). 

A  temperature  decrease  of  crystall ization  to  S9**C  leads  to 
engendering  of  the  rings  of  exiincrion  and  appearance  of  a  cross. 

More  regularly  the  rings  of  extinction  in  spherulites  are  observed  at 
crystallization  temperatures  from  U5  to  80<’C.  The  cross  of  extinction 
In  these  spherulites  has  zrgxag  form  (Fig.  40c).  At  75°C  rings  of 
extinction,  apparently,  are  so  narrow  that  they  are  not  permitted  in 
optical  microscope,  but  the  cross  of  extinction  becomes  straight 
line.  According  to  their  appearance  these  spherulites  (Fig.  40d)  are 
similar  to  radial  ones,  obcained  by  crystallization  from  solution, 
but  in  contrast  to  the  latter  they  have  positive  sign  DL. 
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'Cable  22.  Chacacterlstics  of  tbe  crystallization  of  PODEG  and  PUTBG 


fcoe  fusion/selt. 


r^p,  "c 

• 

’■-P 

If  Ko 

! 

■ 

ny^ar 

95 

38 

—3,24 

3.02 

10.5 

98 

35 

—3.82 

3.00 

16,0 

100 

33 

-4.17 

2.97 

23,0 

10,^5 

29.5 

-5,20 

2,95 

51.0 

105 

28 

-5.90 

3.00 

81.0 

107 

26 

-6.73 

3,02 

148,0 

109 

24 

—7.54 

3.00 

288,0 

nyiar 

69  i 

44 

—  1,86 

2.02 

7.0 

72 

41 

—2.13 

1.97 

10.5 

75 

38 

-2.51 

2.00 

15.5 

78 

35 

-2,84 

2,00 

22.5 

81 

32 

—3.33 

2.04 

36.0 

85 

1 

28 

—3,79 

1.99 

71.0 

Key:  (1).  >in. 


FOOTHOTE  ».  Helting  point  of  PUUEG  133,  of  POTEG  of  113®C 
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Pig.  40.  SupecnoLeculac  stxuctui:es  in  thin  gauge  sheets  of 
obtained  froa  fusion/meit  at  crystallization  teaperature: 
90;  c)  89-80;  d)  75oc  <x<d80)  . 


I 

I 

» 

i 

I 


PDTEG, 

)  93;  b) 
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Page  80c. 


Fig.  41.  Supecnoleculac  stcuctufes  in  thin  gauge  sheets  of  POTEG* 
obtained  at  temperature  ot  crystallization  of  89®C  in  dependence  on 
the  thickness  of  film:  a)  10;  b)  ^0;  c)  30(x280);  d)  30  p;  (x750). 
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Pig.  53.  Stcoctace  of  spheculites  OEA.  a)  ia  reflected  light  (x200) 
b)  the  saae  section  in  the  passing  polarized  light;  c)  electron 
aicrophotography  of  replicas  (1-3  -  x30000,  4  -  x20000) :  1  - 
fine-crystalline  structure;  2  -  radial  spherulites;  3  -  acicular 
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spherulites;  4  -  annulac  spheruiites. 

Page  81. 

Together  with  that  preseated  work  [206]  gives  the  results  of  the 
investigations  of  the  effect  of  the  thickness  of  films  (10;  20  and  30 
m)  on  the  generating  superaoleculac  structure  at  temperature  of 
by  which  increase  ring  spherulites. 

With  the  thickness  of  film  lU  p,  are  observed  in  essence  the 
"sheaves'*,  which  have  positive  sign  DL  (Pig.  41a,  cm  gluing-in), 
"sheaves'*  are  oriented  by  ratio/reiation  to  each  other  in  essence  at 
angle  90*1  ^ot  the  treatment  of  this  phenomenon  they  ate  necessary 
additional  electron- microscopic  examinations. 

A#*  ll^th  an  increase  in  the  tnicxness  of  film  to  20  p  "sheaves"  begin 
to  form  spherulites,  moreover  in  some  of  then  is  developed  the 
sufficiently  developed  cross  ot  extinction  (41b) .  In  separate 
"sheaves"  begins  the  irregular  torsion  of  fibrils.  Sign  DL  remains 
previous. 

Basic  changes  in  the  structure  of  spherulite  occur  in  the  films 
with  a  thickness  of  30  p.  As  can  be  seen  from  Fig.  41c,  d  ring 
spherulite  consists  as  of  several  "sheaves",  moreover  in  the  center 


r 
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of  spheculite  one  of  the  ''shea?es''  is  located  above  others. 

Thus,  the  structure  of  ciag  spherulite  depends  on  the  thickness 
of  filn.  The  last/lattex  series  of  photographs  allowed  the  authors 
[206]  to  assuae  that  the  "sheaf"  is  the  laninated  flaky 
pseudocrystal,  which  possesses  rhe  properties  of  unitary  single 
crystal. 


i 

i 


I 

I 
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I 
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Pig.  42.  The  isotherms  of  cr/stailization  from  the  highlf  elastic 
state  of  PUDEG  in  coordinares  of  Avrani:  1  -  28.2;  2  -  27.2; 

3  -  25.6;  4  -  22. J;  5  -  20. i;  6  -  17.8;  7  -  16.2;  8  -  14.2®C. 

Pig.  43.  Isotherms  of  crystallization  from  highly  elastic  state  of 
POTEG  in  coordinates  of  Avraisi:  1  -  26;  2  -  24.5;  3  -  22;  4  -  19;  5  - 
16.1;  6  -  13.6®C. 

Page  82. 

It  is  obvious,  analogous  "sneaves"  compose  "spher ulite-like"  centers 
of  the  radial  spherulites,  iiavxng  grown  from  the  solution  (see  Pig. 
39),  and  positive  on  sign  UL  the  radial  cell/eleaents  of  the 
spherulites,  obtained  from  fusrcn/aelt  in  the  temperature  range  of 
94.930c  (Pig.  40).  Megatrve  on  srga  DL  the  radial  elements  of  the 
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structure  of  these  spheruiites  <i£e  the  saae  "sheaves",  but  oriented 
so  that  the  plane  of  hydrogen  bonds  is  approxinately  parallel  to  the 
plane  of  specimen/sanple.  Mxth  a  tenperature  decrease  of 
crystallization,  predoninate  the  structures,  positive  on  sign  DL, 
and,  finally  under  specific  conditions  appear  nore  or  less  correct 
ring  spherulites  with  the  zigzag  cross  of  extinction.  The  results  of 
caloriaetric  and  opticai-iaicroscupic  investigations  are  in  good 
accord,  and  it  is  possible  witn  confidence  to  speah  that  daring  the 
crystallization  of  PUTEG  fcoa  rusion/melt  occurs  an  increase  in  the 
laaellar  crystallites. 

Isothernal  crystallization  from  highly  elastic  state.  The  accord 
of  theory  with  experiment  in  tne  case  of  the  isothermal 
crystallization  of  PODEG  and  PUTJSG  of  the  highly  elastic  state  is 
considerably  worse  than  tor  crystallization  from  fusion/melt  (table 
23)  . 

So  for  PODEG  crystallization  occur/flow/lasts  into  three  stages 
(Fig.  42)  .  In  the  initial  sections  of  isotherm,  they  are  described  by 
equation  of  Avrami  with  the  fraction  values  (in  range  from  two  to 
three)  of  constant  n. 
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Table  23.  Characteristics  of  the  crystallization  of  PUDEG  and  PUTEG 


fron  highly  elastic  state. 


1 

T 

'KP*  ^ 

4r_(r,p- 

-0 

UKo  1 

n 

to.s-  miH 

nviisr 

28.2 

24.2 

—2.40 

2.82 

5.5 

27,2 

23.2 

—2.72 

2.80 

7.2 

25.6 

21.6 

—3.20 

2,86 

10 

22..3 

18.3 

—33.79 

2.44 

22 

20,3 

16.3 

—4,00 

2.38 

32.4 

17.8 

13.8 

—4.32 

2,31 

50 

16.2 

12.2 

—4.77 

2.36 

66 

14,2 

10.2 

—6.07 

2.38 

93 

n  y  T  3  r 

26.0  1 

39 

1  —2.498  1 

2.86 

6,5 

24.0 

37,5 

-2.81 

2,62 

10 

22.5 

35 

—3.48 

2.78 

16 

19.0 

32 

—4.04 

2.78 

22 

16.0 

29,1 

-4.61 

2.64 

49 

13.6 

26.6 

-4.79 

2.55 

66 

Key:  (1)  .  ain . 


POOTMOTE  *. 


Tenperature  of  the 


vitrif ica  tion 


of  PUDEG-4, 


of  PUTEG  of 


-130C. 


Page  83. 


Vith  a=0.0S  occurs  the  acceleration  of  crystallization,  and  after  a 
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it  reaches  value  by  0.7  sets  in  the  retarding/decelecatlon/delay  of 
the  process  whose  degree  depends  substantially  cn  teaperature.  If  at 
the  relatively  high  teateratares,  sufficient  distant  from 
vitrification  teaperature,  cecarding/deceleration/delay  not  such 
sharp,  then  in  proportion  to  a  teaperature  decrease  it  becoaes 
significant.  This  bears  out  tne  fact  that  the  crystallization  in  this 
case  occur/flow/lasts  aucn  aore  coaplexly  than  this  is  provided  for 
by  theory* 

The  analogous  character  of  tioetics  of  the  crystallization  is 
observed  also  for  PUTEG  (fig.  hJ) ;  however,  systeaatic  deviation  froa 
theory  is  expressed  much  weaker,  so  that  the  observed  aechanisa  of 
crystallization  to  a  certain  degree  is  caused  by  the  specific 
character  of  the  molecular  structure  of  data  it  is  polyurethane,  that 
contain  in  polymer  chain  the  sectrons  of  different  flexibility.  This 
concerns  first  of  all  the  abrupt  deceleration  of  the  crystallization 
rate,  which,  probably,  is  bonded  with  the  fact  that  in  the 
temperature  interval  indicated  are  not  crystallized  the  ethyl  glycol 
sections  of  the  chains  of  rnvestigated  it  is  polyurethane. 

Copolyurethanes  on  the  basis  of  hexamethylene  diisocyanate, 
diethylene-  and  triethylene  glycol. 

Copolymers  on  the  basrs  of  hexamethylene  diisocyanate. 
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dlethylene-  and  triethylene  glycol,  i.e.,  such  initial  honopolyaers 
of  which  ace  PODEG  and  PUIEG,  ware  investigated  by 
diffecential-themal,  thecaoaachanical  and  infrared-spectroscopic 
aethods  [ 46 ]. 

Thereograas  ace  obtarned  for  the  speciaen/saaples  of  initial 
hoaopolyaers  and  soae  copolyaecs  (Fig.  44),  crystallized  fcoa 
fusion/aelt  by  cooling  with  a  velocity  of  1°C  per  ainute. 

The  theraograms  of  fUUEG  and  PDTEG  have  the  sane  character,  as 
the  theraogram  of  already  described  hoaopolyaers  [19,  20,  43].  In 
this  case  for  PUDEG,  is  observed  one  peak  of  melting,  which  precedes 
the  exotheraic  peak,  whica  characterizes  crystallization  before  the 
aeltlng.  For  POTEG  there  is  no  clearly  expressed  effect  of 
crystallization  before  the  melting;  however,  is  developed  the  coaplex 
character  of  the  melting:  on  thermogram  there  is  two  endothermic 
peaks  in  the  region  of  aeltlng  polymer. 

In  the  character  or  tne  tnermograms  of  copolymers,  are  developed 
their  special  feature/peculiarities,  which  depend  on  the 
relationship/ratio  of  hoaopolyaers  in  copolymer.  As  can  be  seen  from 
differential  curves  2  and  i  (see  Fig.  44),  introduction  to  PUDEG  to 
30  aol.  0/0  PUTEG  it  leads  to  a  sharp  increase  in  the  exothermic  peak 
of  crystallization  before  melting  of  copolymer,  simultaneously  is 
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observed  a  teaperature  decrease  and  areas  of  the  peaks  of  Belting.  An 
increase  in  the  portion/fraction  of  POTBG  to  40  aol.  ones  o/o  leads 
to  an  abrupt  change  in  the  character  of  thecnograas  and  a  teaperature 
decrease  and  area  of  the  basic  peak  of  aelting  copolyaer.  Theraograa 
has  the  sane  character  as  the  theraograa  initial  of  POTBG:  the 
ezotheraic  peak  of  crystallization  before  aelting  is  absent;  besides 
the  basic  peak  of  aelting,  are  present  other,  higher-teaperature 
endotheraal  peaks. 

Page  84. 

However,  with  further  increase  in  the  portion/fraction  of  POTBG,  the 
high-teaperature  peaks  indicated  no  longer  are  developed.  In  this 
case,  ainiauB  temperature  of  aelting  is  observed  in  copolyaers  froa 
70  and  80  aol.  o/o  POTEG,  out  in  copolymer  froa  90  mol.  o/o  POTBG 
aelting  point  above  approacnes  in  its  value  a  aelting  point 
pure/clean  of  POTEG. 

The  sharper  presentation/concept  of  the  effect  of  the 
coaposition  of  copolyaers  on  tneir  aelting  points  can  be  obtained 
froa  Fig.  45.  The  "phase  diagraa",  given  on  this  figure,  reseables 
diagraa  with  eutectic  ainiaua.  Let  us  note  that  the  "eutectic 
ainiann"  in  this  case  has  diffusion  character.  Furtheraore,  to 
"eutectic"  point  with  30  and  90  aol.  o/o  POTBG  to  curve  are  bends 
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which  ace  absent  fcoa  siaiiac  curves,  given  in  the  literature  [88] 

For  the  study  of  the  characcer  of  crystal  lattice  in  the 
series/nuaber  of  copolyaecs,  ace  ceaoved  at  coob  tenperature  the 
infrared  spectra. 
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Fig.  44.  Thernograns  of  heating  PUDBG  (1),  POTEG  (7)  and  their 
copolyaers,  which  contain  90  ,  70  (3),  60  (4),  50  (5)  and  10  (6) 

■ol.  0/0  PUDEG. 

Page  85. 

Speciaen/saapLes  took  in  the  tora  of  the  filas,  obtained  froa  the 
solutions  was  polyurethane  in  diaethyl  foraaaide  at  55-60  and 
40-42^0,  and  also  filas  iron  fusion/aelts. 
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The  comparison  of  the  spectra  of  faslon/melts  and  crystalline 
files  PODEG  and  POTBG  made  possible  to  ascribe  to  crystal  structures 
of  these  vas  polyurethane  the  caaracteristic  crystalline  strips:  for 
POTEG  strip  860  ca“» ,  fox  PUO£G  -  830  ci“* . 

Is  establish/installed,  that  the  strip  830  cb"*  is  retained  in 
copolymers  with  a  reduction  xn  tne  content  of  PDDEG,  molar 
relationship/ratio  POTEG:  PUD£G=  0.6: 0.4,  after  which  occurs  the 
jump:  strip  830  cm'**  disappears  and  appears  the  strip  860  cb~i,  which 
is  retained  in  the  spectra  or  all  remaining  copolymers. 

On  the  basis  of  the  dependence  of  melting  point  on  composition 
and  change  of  crystal  lattice  in  the  ser ies/number  of  copolymers 
expressed  specific  judgment  about  the  character  of  distribution  in 
the  macro-chain  of  the  copolymer  of  sections  with  different  chemical 
structure,  taking  into  account,  which  on  -^he  "phase  diagram”  of  the 
investigated  system  of  copolymers  xs  observed  "eutectic  minimum",  on 
the  one  hand  of  which  are  crystallxzed  only  first  type  polymeric 
sections,  but  on  the  other  hana  -  only  second,  and  also  by  the  fact 
that  in  copolymer  with  molar  relationship/ratio  PUT£G:PaDEG=0.6: 0.4 
is  crystallized  the  second  component,  is  made  the  assumption  about 
the  approach/approvimation  of  the  behavior  of  system  in  the  region  of 
average/mean  compositions  to  tne  behavior  of  the  random  copolymer. 


/rf 

DOC  =  79011105  PAGE 


Fig.  45.  Dependence  of  the  aeiting  point  (1)  and  of  logaclthaic 
viscosity  nuabec  (2)  of  the  0«bo/o  solution  of  copolyaers  in 
a~cresole  on  the  celat ionship/ratio  in  then  of  glycols. 

Key:  (1).  nole. 

Fig.  46.  Differential  curve  of  thernograo  of  heating  (1)  and  section 
of  IR  spectrua  of  passing  (2)  for  physical  aixture  (0.5:0, 5)  of  PODEG 
and  POTEG. 


Key:  (1)  .  Passing 
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In  the  siailac  cases  usually  "eutectic"  point  is  aisaligned  to  the 
side  of  the  coaponent,  which  possesses  lower  aelting  point,  that  also 
is  observed  in  the  systea  indicated. 

The  crystallization  rate  pure/clean  of  P0DE6  is  aore  than  POTEG. 
Assuaing  that  this  is  correct  ror  the  foraing  part  aacro-chains  of 
the  copolyaer  of  sections  PUDEG  and  POTEG,  the  authors  [21]  explain 
the  absence  of  the  "crystalline"  strips  of  POTEG  in  the  copolyaer, 
which  contains  0.6  aole  fractions  of  the  latter,  by  steric  hindrances 
for  crystallizing  the  second  coaponent,  which  create  the  foraed 
crystalline  regions  of  PODEG, 

s 

The  obtained  copolyaers  are  not  related  to  the  block  copolyaers 
with  long  units  of  both  of  chemical  structures,  capable  of  being 
crystallized  it  is  at  the  same  tine  and  is  independent  of  each  other, 
that  confirm  the  spectra  and  the  thernograms  of  the  physical  aixture 
of  PODEG  and  POTEG  (Fig.  4b)  .  'i'heraograns  and  spectra  indicate  the 
presence  of  two  crystal  structures  and  after  cocrystallization. 

In  proportion  to  approach/approxination  to  eutectic  ainiaun, 
crystallization  ever  aore  hinders,  and  as  a  result  of  the 
disturbance/breakdown  of  the  regular  distribution  of  inter aolecular 
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hydrogen  bonds  grow/increases  the  defectiveness  of  crystal  structure 
of  copoly ners.  the  bends  which  ace  observed  tc  curve  1  (see  Fig.  45) 
during  renoval  from  centcal  section  to  edges,  they  appear,  obviously, 
as  a  result  of  changes  in  the  cnacacter  of  the  crystalline 
fornations,  caused  by  a  change  in  nolecular  structure  of  the  chain  of 
copolyner.  tfith  low  content  of  one  of  the  conponents  of  copolyner,  it 
statistically  is  distrinuted  on  chain  in  the  fora  of  the  mononeric 
sections  between  the  units  oc  tne  component  of  another  chemical 
structure.  Therefore  glycol  units  exert  plasticizing  effect  with 
respect  to  the  crystalline  regions,  formed  the  second,  by  the 
predominant  in  the  composition  ot  copolymer  constituent.  This  is 
reflected  in  the  melting  points  ot  copolymers;  however,  not  to  this 
degree  as  for  copolymers  with  avecage/mean  covposition  of  both  of 
conponents  where  must  statistically  be  distributed  the  already  small 
units  of  PODEG  and  POTEG. 

Thus,  the  mentioned  bends  tne  authors  [46]  joined  with  changes 
in  the  character  of  distcinution  and  the  lengths  of  the  composing 
copolymer  sections  PUDEG  and  PUIEG. 

Special  feature/peculiacities  ot  crystallization  and  melting 
aliphatic  containing  fluorine  is  polyurethane. 


In  works  [44,  84-86]  is  given  the  information  about  synthesis 
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and  special  f eature/peculiacities  of  the  phase  tcansforaations  of  the 
secies/nuabec  of  the  f luorine-beacing  aliphatic  ones  it  is 
polyurethane. 


Page  87. 


In  particular,  were  investigated  polyurethane  of  the  following 
cheaical  structure: 


1-HNCH.,  (CF,),  CHjNHCOO  (CH,),  OCO-]„  (HV - 1/. 
I-HN  (CH,),  NHCOOCH,  (CF,),CH,OCO-I„  (ny-2). 
1-HNCH,  (CFj),CH,NHCOOCH,{CF,),CHjOCO-|„  (ny-3), 


and  their  also  nonf luorinated  analog 

l-HN  (CH,).  NHCOO  (CH,),  OCO-|„  (6.6.ny). 

In  PO-1  fluorine  it  iS  contained  in  diisocyanate,  in  PU-2  - 
glycol,  while  in  PU-3  -  in  botn  cooposing  polyurethane  units.  Their 
nonf luorinated  analog  is  synthesized  on  the  basis  of 
1, 6-hexaBethylenediisocyaoate  and  l.b-hexamethylenediol.  Since  PO-I 
and  6.6-PO  are  obtained  by  tue  aetnod  of  interfacial 
polycondensation,  and  renaining  two  -  by  aass  polymerization,  the 
latter  have  snaller  aolecaiar  weight. 


Phase  transforaations  were  investigated  by  the  aethod  of  the 
dif ferential-theraal  analysis.  Ine  character  of  the  theraograas  of 
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■eltinq  and  crystallization  6.6-PU  is  analogous  such  for  4.6-PU.  Heat 

0 

of  fusion  6.6-PO  sonewhat  loner  is  2^.2  cal/g. 

Figure  47  shows  theraograas  PO  -1/  reheating  they  underwent 
speciaen/saaples  with  different  previous  history.  One  was  heated 
iaaediately  after  the  crystailrzatxon  of  f usion/nelt,  and  the  second 
-  after  five-day  aging  at  room  temperature. 

} 

Character  of  the  curves  of  primary  heating  and  coolings  is  analogous 
such  for  6.6-PU.  However,  tne  curves  of  reheating  differ  not  only 
from  curved  primary  heating,  out  also  between  themselves.  The  peak  of 
melting  during  reheating  of  the  uncontrollable  specimen/sample  has 
two  sharp  apex/vertexes,  which  is  explained  by  emergence  under 
conditions  of  crystallizing  their  ..asion/melt  of  two  types  of  crystal 
structures  with  different  melting  points.  Exposed/persistent  for  a 
while  specimen/sanple  PU-1  uevelops  tendency  toward  the  acquisition 
of  the  properties  of  the  initial  specimen/sample . 
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Pig.  47.  Thernograms  of  pciaaty  heating  (1) .  of  cooling  (2)  and  of 
reheating  (3  -  right  after  crystallization.  4  -  after  five-day  aging 
at  roon  teaperature)  of  speciaeu/sanple  PO- 1 . 

Page  88. 

It  is  assumed  that  formed  in  the  course  of  crystallizing  the 
fusion/nelt  crystal  structure  eith  the  melting  point  of  182®C  is 
aetastable  at  roon  temperature  and  changes  into  stable  under  these 
conditions  of  structures  with  the  melting  point  of  185®C. 

For  PU-2  the  peak  of  melting  primary  heating  has  two  sharp 
apex/vertexes,  and  the  peak  ot  reheating  -  only  one  (Fig.  48)  .  In 
this  case,  in  the  course  or  reheating,  is  not  reproduced  pain 
low-teaperature  apex/vertex  of  peak  (112®C).  However,  the  thermogram 
of  heating  the  exposed/persiste nt  analogously  PU-1  specimen/samples 
has  a  character  of  the  thermogram  of  primary  beating. 


41 
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Substantially  and  that  tnat  the  peak  of  aelting  crystallized 
■ade  of  highly  elastic  state  speciaen/sa nple  PCf-jL  (Fi9*  ^9}  also  has 
only  one  apex/vertex,  but  xn  contrast  to  the  speciaen/saaple, 
crystallized  from  fusion/neit*  the  temperature  of  its  112*’C,  i.e.,  in 
this  case  is  not  reproduced  hxgn-teniperature  apex/vertex  (124°C)  of 
the  peak  of  melting  initial  specxmen.  A  similar  phenomenon  we 
observed  during  the  investigation  hy  the  method  of  the 
differential-thermal  analysis  of  polyurethane  on  the  basis  of 
1, 6-hexamethylenediisocyanate  and  diethylene  glycol  [43]. 

Of  the  anomalies  of  the  cnatacter  of  melting  it  is  polyurethane, 
that  contain  in  one  of  those  component  fluorine  atoms,  they  testify 
to  the  capability  of  these  polymers  for  the  formation  of  two  types  of 
crystal  structures.  This  xs  confirmed  still  and  by  the  fact  that  the 
specimen/samples  of  po ly uretnane,  which  contain  fluorine  in  both  of 
components  (Pa-3) ,  as  their  nonf luorinated  analog,  they  have  one 
melting  point. 
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Fig.  48.  Theroograas  of  primary  seating  (1),  of  cooling  (2)  and  of 
reheating  11)'  of  speciacn/saapie  PU-2. 


Pig.  49.  Thermogram  of  heating  amorphous  specinen/saaple  PD-2. 
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It  is  possible  to  assume  that  introduction  to  nacromolecules  it 


is  polyurethane  fluorine  atoms,  that  is  actually  the  replacement  of 
ethylene  links  tetraf luoroathyiene.  conditions  the  heterogeneity  of 
the  geometric  structure  (transition  from  zigzag  conformation  and 
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spiral- shaped)  of  nacco-caaias  aod  contributes  to  the  forsation  of 
different  types  of  crystal  structures.  Especially  clearly  this  is 
developed  during  the  introduction  of  fluorine  to  aore  running  glycol 
block. 

LINEAR  POLYURETHANE  ON  TUE  BASIS  OF  LON- MOLECULAR  GLYCOLS  AND 
AROMATIC  DIISOCYANATES. 

In  industry  widely  are  used  the  polyurethane  on  the  basis  of 

toluenediisocyanate  (TOI) .  Usually  is  used  aixture  2.4-  and 

2,6-isomer  TDI  in  ratio  of  80:20  and  65:35.  With  such  ratios  of 
isomers  TDI  polyurethanes  on  the  basis  of  low-molecular  glycols  are 

not  crystallized  and  are  aaorpaous  substances. 

The  investigation  ol  specinea/samples  it  is  polyurethane  on  the 
basis  of  ethylene  glycol  and  IDI  with  relationship/ratio  2.4-  and 

2. 5- isoaer  100:0;  80:20;  65: J5;  4U:60;  15:85  [15]  showed,  then 
speciaen/saaples  was  pol yucetuane,  containing  in  the  aixture  of  aore 
than  50o/o  2,6-isomer,  capaole  or  being  crystallized.  The  degree  of 
crystallinity  increases  witu  an  increase  in  the  content  of 

2. 6- isoaer.  This  phenomenon  is  explained  by  the  more  syaaetrical 
structure  of  the  diisocyanate  linx  of  polyurethane  on  the  basis  of 

2.6- isoner  in  comparison  with  2,4-isoBer.  2.6-TDI  can  be  located  in 
polymer  chain  only  in  two,  and  2.4-TDI  -  in  eight  different 
configurations. 
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ihe  study  crystallization  witn  the  aid  o£  electron  Microscope 
shows  that  polyurethane  on  the  oasis  of  2.4-TDI  and  ethylene  glycol 
gives  anorphous  filn.  An  increase  in  the  content  of  2.6-TOI  in  the 
Mixture  of  isoMers  leads  to  the  roraation  of  the  More  regulated 
structures.  So,  polyurethane  witn  relcitionship/ratio  2. and 
2, 6-isoner  TOI  80:20  and  60:  i5  rorsi  globules  and  piles  of  anorphous 
structure.  Polyurethane  on  the  basis  of  2.6-TDI,  having  Molecules  of 
More  regular  structure,  gives  as  the  prinary  structures  of  pile  with 
three-dinensional  crystalline  order.  Prop  piles  are  fora/shaped  the 
spherulites  and  dendrites.  It  polyurethane  on  the  basis  of  the 
Mixture  of  isooers  TDI  10:80  and  ethylene  glycols  during  the 
vaporization  of  dilute  solutions  gives  spherulites,  then  for 
polyurethane  on  the  basis  of  TUI  5:95  and  of  ethylene  glycol  ordering 
goes  further  and  together  with  spherulites  are  forned  the  dendrites, 
basis  of  which  are  the  mono- planes  of  fibrillar  structure. 

In  contrast  to  hexanetnylene  diisocyanate  polyurethanes  on  the 
basis  of  2.6-TDI,  diethylene-  and  triethylene  glycol,  they  are  not 
crystallized  due  to  the  lower  steric  regularity  of  2.6-TDI. 
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This  is  explained  by  the  possibixity  of  the  eiecgence  of  the 
irregular  hydrogen  bonds  between  urethane  and  siaple  ether/ester 
groups  of  glycol  conponeots. 

In  contrast  to  TDI  for  dipheaylmethane  diisocyanate  (DFDI)  the 
crystallizing  polyurethane  are  obtained  not  only  on  the  basis  of 
ethylene-,  but  also  diethylene-  and  triethylene  glycol.  However, 
capability  for  crystallizatron  is  lowered  upon  transfer  froa  ethylene 
glycol  to  triethylene  glycol  on  the  same  reasons,  as  in  the  case  of 
TDI. 


During  the  study  cf  the  crystallization  of  those  indicated,  it 
is  polyurethane  on  the  basis  of  ethylene  glycol  from  solutions  and 
fusion/aelt  establish/installed,  tnat  in  both  cases  is  formed  crystal 
structure  of  identical  oodirication.  Close  structures  are  formed  also 
during  the  crystallization  of  polyurethane  on  the  basis  of  diethylene 
glycol.  Polyurethane  on  the  basis  of  triethylene  glycol  from  solution 
is  crystallized  well,  and  from  melt  gives  product  with  amorphous 
structure . 

The  investigations,  carried  out  with  the  aid  of  electron  and 


4 

I. 


optical  microscopy,  they  showed,  that  polyurethane  on  the  basis  of 
DFDI  and  ethylene  glycol  forms  the  large  spectrum  of  the 
morphological  structures:  spherulites,  dendrites,  single  crystals. 
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The  polyurethane,  obtained  on  the  oasis  of  DEG,  gives  as 

super Bolecular  structure  spherulites,  vhile  pclyurethane  on  basis  TEG 

does  not  form  any  sharp  aorphological  forms. 

Data  according  to  synthesis  and  sone  physicochenical  properties 
it  is  polyurethane  on  the  basis  or  ethylene  glycol  and 
diphenylnethane- ,  diphenyl-,  ethane-,  diphenyl  propane-  and 
diphenylbutandiisocyanates  they  are  given  in  [263]. 

Polyurethanes  on  the  basis  or  enunerated  diisocyanates  fora 
crystalline  products,  that  oy  the  conflraed  data  of  X-ray  analysis. 
Figure  50  depicts  the  dependence  or  the  intensity  of  reflexes  on 
diffraction  angle  for  speciaen/ samples  it  is  polyurethane  on  the 
basis  of  diphenylnethane  diisocyauate,  that  are  crystallited  with 
different  speed. 

However,  transition  fcoa  diisocyanates  with  odd  number  of 
methylene  groups  between  phenyl  groups  to  even  is  accompanied  by  a 
change  in  the  type  of  crystal  structures  it  is  polyurethane.  This 
phenomenon  is  explained  by  a  change  in  the  conformations  of 
aacroBOlecules  it  is  pcly urerhane. 


I 


DOC  =  79011105 


PAGK 


Fig.  50.  The  dependence  o£  the  intensity  of  reflexes  on  diffraction 
angle  (26)  for  the  speciaen/saaples  of  polyurethane  on  the  basis  of 
diphenylethanediisocyanate:  1  -  anorphous  specinen/sanple,  obtained 
by  rapid  landing;  2  >  crystalline  specinen/sanple,  upset  fron 
concentrated  solution;  i  -  crystalline  specinen/sanple,  upset  fron 
dilute  solution. 
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Table  24  gives  some  properties  of  those  indicated  it  is 
polyurethane.  Let  us  note  tnat  the  value^of  ratio/relation 
does  not  depend  on  the  cheurcal  structure  of  nacronolecules,  but  it 
is  deternined  by  the  type  of  crystal  structure  of  polyurethane. 


Uork  [240]  given  data  according  to  the  analysis  of  crystal 


structure  of  polyurethane  on  the  nasis  of 
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4, 4*-diphenylBethanediisocyaadte  aad  tetranethyleneglycol.  It  is 
shown*  which  this  polyucethane  forns  or,  p-  and  y-ccystalline  forms, 
a — forn  badly/poorly  yields  to  orientation,  but  with  stretching  note 
than  to  3OO0/0  it  disintegrates,  it  appears  as  a  result  of  annealing 
during  renoval/talcing  from  tne  specimen/sanple  of  woltage/stress. 
Porns  p  and  7  are  easily  foraed,  when  the  aolecular  chains  of 
polyurethane  are  orienteu.  is  assuaed  that  a-type  has  folding 
structure,  and  p-and  7 — fora  -  fringed  micellar. 

Synthesis  is  polyurethane  on  the  basis  of  fluorinated  and 
nonf luorinated  1 , 4-biS' ip-hydroxyathoxy)  of  -benzene,  and  also  the 
investigation  of  some  their  physicochemical  properties  they  are 
described  in  [87].  These  polyurethane  one  should  relate  to  the 
badly/poorly  crystallizing  polymers.  The  melting  points  and 
crystallization  of  those  containing  fluorine  it  is  polyurethane 
considerably  lower  than  in  their  nonf luorinated  analogs. 


f 
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Table  24.  Structure  and  property  it  is  polyurethane  on  the  basis  of 
ethylene  glycol  and  aroaatic  diisocyanates. 
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PROPBBTIES  OF  SORE  POLYABIDE  UfiEfUANES. 

Foe  explaining  the  specxcti  feature/peculiarities  of  structure. 

In  coaparison  with  polyaaides  it  was  polyurethane  to  study  the 
structures  of  polyanide  uratuaues.  Such  some  polymers  on  the  basis  of 
diethylol  aaides  of  the  secies/nuauer  of  dibasic  acids  are  described 
in  [155].  Are  investigated  poiyaaiae  urethanes  (PAU)  of  the  following 
structure: 

1-0  (CHi)i  NHCO  (CH,),  CONH  (CH^,  OCONH  (CH^,  NHCO-),. 

where  n  -  a  quantity  of  metnyiene  groups,  which  fore  part  initial 
dibasic  acids.  In  these  PAU  a  quantity  of  nethylene  groups  between 
aeido  groups  was  predeterained  coapound/conposite  of  acid  on  basis  of 
which  was  synthesized  dxethyioi  aaide. 

PAD,  obtained  on  basis  of  diethylol  amides  of  oxalic  (n=0) , 
succinic  (n=2)  ,  glutaric  (n=J},  adipic  (n=4)  ,  pimelic  (n=5) ,  azelaic 
(n=7)  ,  sebacic  (n=8)  acids,  are  investigated  by  the  methods  of 
infrared-spectroscopic.  X-ray  [2^]  and  differential-thermal  analyses 
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[40].  It  is  establish/instailed,  taat  PAU  develop  the  properties, 
which  are  inherent  in  bota  the  polyurethane  and  in  polyaaides.  In 
this  case,  PAD  essentially  (ii.l£e£  xn  its  properties  between 
theeselves  depending  on  value  of  a. 

The  coaparison  of  the  spectra  of  different  PAD  shows  that  the 
Bost  characteristic  changes  in  then  are  observed  in  the  region  of 
oscillating  the  groups,  waicn  correspond  for  the  foraation  of  the 
hydrogen  bonds  between  chains.  In  the  spectra  of  PAD  with  odd  n,  are 
visible  two  strips  (3260  and  iJ20  cb~») ,  but  with  even  n  -  one  (3320 
ca~*)  ,  in  this  case,  the  appearance  of  an  additional  strip  3260  ca''^ 
is  accoapanied  by  the  increase  or  the  intensity  of  strip  3080  cm~». 
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Pig.  51.  Intensity  curves  ot  scattering  X-rays  for  PAU  with  even  (a) 
and  odd  (b)  n. 

Page  93. 

Based  on  the  example  of  PAU  witn  a=3  reveal/detected  that  in 
speciaen/saaples  (films) ,  ootaioea  by  the  dissolution  of  polymer  in 
formic  acid  with  the  subsequent  removal  of  the  latter,  in  spectra 
disappear  strips  3260  and  looU  cai~^,  and  also  decreases  the  intensity 
of  strip  3080  cm"*.  However,  arter  prolonged  boiling  in  water  and 
drying,  is  formed  powder  PAU  wnose  spectrum  takes  the  initial  form. 
These  phenomena  gave  the  roundation  for  to  the  authors  [29]  assuming 
existence  in  the  series  or  PAU  with  odd  n  of  two  types  of  structures 
and  proposing  the  probable  models  of  unit  cells  PAU  with  even  and  odd 
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Intensity  curves  of  scarterj-ay  the  X-rays  of  investigated  PAU 
(Fig.  51)  testify  to  the  cnaracterist ic  differences  for  the  structure 
of  separate  forns  PAU.  So,  in  tne  X-ray  photograph  of  PAU  with  n=8 
are  very  clearly  visible  four  aaxxmums.  For  the  present  instance  it 
is  assuaed  that  in  polyurethane  section  of  chain  is  realized  the  unit 
cell  of  polyurethane,  ana  in  tne  poliamide  section  of  chain,  -  a 
structure  of  polyamides. 
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Fig.  52.  Thecaograas  of  btfatiag  PAU  with  even  (a)  and  odd  (b)  n. 

Page  94. 

On  the  basis  of  the  pcobaoia  model  of  the  unit  cell  of  PAU  with 
odd  n.  the  conclusion  is  made  ttiat  the  decomposition  of  strips  in  the 
region  of  the  bonded  NH-  ana  C=o-oscillation/wibrat ions  is  caused  by 
the  presence  in  this  fora  of  PAU  of  the  strained  hydrogen  bond. 

In  contrast  to  [29],  where  actually  was  studied  the  structure  of 
initial  specimens  PAU,  in  [40]  was  investigated  the  effect  of  thermal 
effect  on  structure  and  structural  transformations  into  PAU  (Fig. 
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In  all  PAD  with  even  naaoer  n,  the  peaks  of  aelting  have  coaplex 
character  and  differ  for  separate  PAD.  For  PAD  with  odd  n  only  of  PAO 
n=5,  has  the  coaplex  peak  or  aelting.  On  this  basis/base  is  aade  the 
assuaption  about  the  capaoilrty  of  PAO  for  the  foraation  of 
polyaorphic  crystal  structures,  especially  for  PAO  with  even  n. 

PHASE  TSARSFOBHATIONS  AND  VITUlf ICATI ON  LINEAR  AMD  OF 
THREE-DIMENSIONAL  ONES  IS  POLlUHiiTHAHE  WITH  OLIGOETHBR  GLYCOL  ONITS. 

Capacity  it  is  polyuretnaue  to  be  crystallized  it  depends  not 
only  on  the  structure  of  tne  composing  polyurethane  diisocyanate  and 
glycol  (ether  glycol)  units,  out  also  on  the  length  of  the  latter  [4, 
15].  So,  based  on  example  rc  is  poryurethane  with  the 
oligohydroxyethylene  units  of  aifferent  nolecular  weight 
establish/installed  [15],  that  tne  capacity  to  be  crystallized  passes 
through  the  miniaua  with  an  increase  in  the  length  of  oligoether 
unit. 


It  is  found  also,  that  lattice  structure  for  it  is  polyurethane 
with  oligoester  units  in  contrast  to  it  is  polyurethane  with 
low-Bolecular  glycol  units  rt  does  not  depend  on  the  structure  of 
diisocyanate,  but  it  is  detecained  by  structure  and  nature  of 
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oligoether  glycol.  This  is  caused  by  the  fact  that  with  an  increase 
in  the  ether/ester  unit  grow/increases  the  probability  of  the 
foriation  of  the  hydrogen  bonds  between  hydrogen  of  urethane  group 
and  oxygen  of  the  ester  group  of  ether/ester  unit,  which  it  is  led  to 
defects  in  crystal  structure  and  increases  the  share  aaorphous 
structure.  However,  with  furtber  increase  in  the  oligoester  unit, 
urethane  links  begin  to  play  only  role  of  the  defective  sections 
which  iapede  crystallization,  out  they  cannot  coapletely  interfere 
it.  In  this  case  the  crystallization  occurs  only  over  oligoether 
links  and  the  lattice  structure  of  polyurethane  becones  sufficient  to 
close  to  the  structure  of  the  lattice  oligoether. 

In  connection  with  that  presented  expedient  to  exanine  together 
with  the  properties  of  those  crystallizing  it  is  polyurethane  and  the 
property  of  components  them  oligoether  glycols. 

In  practice  widely  are  used  the  cross-linked  polyurethane  with 
such  crystallizing  oligoether  glycol  units  as 

oligoethy leneglycoladipate  and  oligohydroxytetranethyleneglycol 
(polyfurit) .  Therefore  we  primary  attention  will  give  to  these 
oligomers,  and  also  to  linear  and  cross-linked  polyurethane  on  their 
basis . 
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Properties  of  oligoethylenegiycoladipate  and  synthesized  on  their 
basis  of  linear  ones  and  cross- iinaed  is  polyurethane. 

Crystallization  in  oligoethylenegiycoladipate  (OEA)  with  N=2000 
is  thoroughly  studied  [1J4]  by  tne  nethods  of  dif ferential-theraal 
and  X-ray  diffraction  analyses,  IB  spectroscopy,  optical  and  electron 
aicroscopy  (Fig.  33,  see  insert),  for  the  speciaen/saaple, 
crystallized  at  -S^C,  is  oosetved  line-crystalline  structure  (Fig. 

53,  la,  b)  ;  the  spherulitic  character  of  crystalline  grains  revealed 
well  only  during  electron-uicroscope  increases  (Fig.  53,  1c).  In 
teaperature  range  from  0  to  *20*0,  are  crystallized  radial 
spherulites  (Fig.  53,  2a,  o) ,  ror  which  electron  aicroscopy 
reveal/detects  lanellar  structure  (Fig.  53,  2c) .  Higher  than  this 
teaperature  are  formed  ring  type  spherulites  (Fig.  53,  4a,  b) .  In 
turn,  before  achievement  by  40^c  spherulites  acquire  acicular 
structure  (Fig.  53,  3a,  b) ,  to  which  on  electron 
aicrophotography/aicropnotograpn  (fig.  53,  3c)  corresponds  the 
surface  with  a  large  nuaber  seemingly  of  projecting  from  it 
projections. 

According  to  the  data  of  x-ray  diffraction  analysis,  DTA  and  IR 
spectroscopy,  it  is  establisn/installed,  what  OEA  can  exist  in  two 


} 
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crystalline  aodif icatioas  -  a-  and  6-types.  In  the  region  of 
tesperatures  fron  0  to  it  is  stable  6-types,  but  is  higher 

than  40®C  -  a-type;  in  internediate  tenperature  range  coexist  both  of 
for  ns. 


Thus,  6~type  predetermines  the  fornation  of  radial  ones,  a-type 
-  acicular,  and  the  mixture  of  these  forms  -  ring  spherulites. 

In  connection  with  this  a.s  assumed  that  the  peculiar  structure 
of  ring  spherulites  is  causea  oy  rnythmic  crystallization  alternately 
a-  and  6-types  OEA.  However,  during  heating  of  the  spherulites, 
molded  at  low  temperatures,  in  them  are  observed  the  polymorphic 
transformations,  fixed/recorded  oy  X-ray  and  spectrum  investigations, 
but  there  are  no  visible  changes  xn  the  forms  of  spherulites  up  to 
fron  melting.  This  testifies  to  the  stability  of  the  supernolecular 
structures  of  higher  order,  what  are  spherulites,  not  changing  even 
with  the  rearrangement  of  the  primary  structures,  which  are 
determining  the  character  or  tue  arrangement  of  molecular  chains. 

Osing  calorimetric  method  are  studied  OEA,  and  also  the  linear 
and  cross-linked  polyurethane  on  xts  basis  [109].  The  investigations 
of  this  systematic  ser ies/nuaber  made  it  possible  to  estimate  the 
effect  of  such  parameters  as  tne  flexibility  of  the  chain  of 
oligoether,  the  denseness  of  physical  and  chemical  grids,  to  some 
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bonded  with  the  nobility  o£  nacro^chains  properties  of  the 
cross-linked  polyurethane  aiastoaers.  Table  25  gives  the  initial 
characteristics  of  the  investigated  substances.  By  diisocyanate 
conponent  with  synthesis  is  polyurethane  it  served 
tolue ne- 2, 4- diisocyanate. 
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Table  25.  The  characteristics  of  oiigoethyleneadipate  it  is 
polyurethaae  on  its  basis. 
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Note.  Hith  asterisk  corrected  value  «« 

Key:  (1).  Substance.  (2i .  Conventional  designations  of  substance. 

(3).  Belationship/rat io  of  cross>iinking  agent  DE6/G1.  (4). 

Oligoethy lene  glycol  adipinate.  (5) .  oligourethane  on.  (6) .  Elastoner 
on. 


Table  26.  Eguation  =  foe  oiigoether /ester,  oligourethane  and 

cross-linked  it  is  polyurethane. 
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Key:  (1).  Polyaer.  (2).  laitiel  specieen.  (3).  Hardeaed/teepered 
specieen/saaple.  (4).  Ecjuatioa.  (i) .  Teaperature  interval,  ®C.  (6). 
free.  (7)  .  to.  (8)  .  The  saiae. 
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Belationshlp/ratio  NCOiOH  in  prepolyaers  (ollgourethane)  was  equal  to 
1:1.  The  cross-linked  polyurethane  elastoaers  were  obtained  through 
the  stage  of  prepolyaer  duerng  reiationship/ratio  NC0:0H=2:1; 
cross-linking  was  produced  by  the  aixture  of  diethylene  glycol  (DEG) 
with  glycerin  (  )  .  Coaaon/general/total  relationship/ratio 
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The  curves  of  the  teapecatuce  dependence  of  the  heat  capacity  of 
the  specieen/saeples  of  all  lores  of  polyeers  indicated  are  given  in 
Pig.  5%  and  55.  hs  can  be  seen  iron  the  figures,  the  curves  of  heat 
capacities  CpIT  consist  of  several  linear  sections,  which  correspond 
to  the  regions  of  the  glassy,  highly  elastic,  crystalline  and  viscous 
flow  states  of  polymers,  anh  also  sections  with  anonalous  deviations 
fron  linearity  in  the  regions  of  vitrification  and  phase  transitions 
(Table  26)  . 

The  course  of  the  teaperature  dependence  of  heat  capacity  for 
crystalline  (annealed)  speciaen/saaples  0£A)-1 000  and  06/^-2000  (Pig. 
54)  in  the  wide  temperature  range,  which  lies  is  lower  than  the 
temperature  of  the  beginning  ot  phase  transformations,  it  is  linear. 
Beginning  with  20<’C  to  curvea  1  noth  oligomers  it  is  observed  the 
lift  which  for  CE/9 - 1000,  in  passing  by  through  point  of  inflection 
with  40^C,  changes  into  the  peat  or  melting  with  50°C  with 
Cp  =  l,9o  cal/g«deg.  For  ohA-2000  this  lift  is  ended  by  the 
eadotheraal  peak  with  40®c  with  Cp  --  0,94  cal/g«deg,  after  which  the 
value  of  heat  capacity  sharply  falls  to  0.76  with  43'*C  and  again  it 
grow/increases,  changing  in  tne  second  endotheraal  peak  (meltings)  at 
53®C  with  C, 1,7(3  cal/g«deg.  The  obtained  values  of  melting  point 
OEA-2000  coincide  with  value  for  high-molecular 
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polyethyleneglycoladlpinate  [221]. 

At  the  end  aelting  (bU^C)  the  heat  capacity  of  fusion/eelts  of 
both  of  oligoaers  barely  is  changed.  The  thernal  effects  of  aelting 
the  annealed  specinen/sanples  oka- 1000  and  OEA-2000  ace  equal  to  with 
respect  18.7  and  17.8  cal/g . 

Bore  essential  differences  in  the  course  of  heat  capacity  are 
observed  for  the  specinen/saaples,  subjected  to  quenching.  As  can  be 
seen  fcon  Pig.  54a,  speciaen/saepie  Of/) ~  1000  does  not  undergo 
quenching,  to  which  testifies  tne  absence  of  characteristic  curve 
knee  2  during  vitrification  and  the  linear  dependence  of  heat 
capacity  on  the  tenperature  in  range  fron  -60  to  5^C,  which  coincides 
with  the  saae  for  the  annealea  specinen/sanple.  However,  at  16<>C  to 
curved  2,  there  is  an  exotheraic  peak  of  crystallization,  after  which 
the  heat  capacity  continuously  grow/increases,  changing  into  the  peak 
of  nelting  with  45®C  with  C,  =  1,98  cal/g»deg,  and  it  decreases  to 
0.493  with  55®C. 

During  heating  of  the  aacaeneu/teapered  speciaen/saaple  CEA-2000 
(Pig.  54b,  curve  2)  is  cbserved  the  junp  of  heat  capacity  in  range 
fron  -62  to  -54®C,  caused  oy  the  transition  of  oligoner  of  the  glassy 
into  viscous  flow  state,  and  two  exothernic  peaks  of  crystallization 
at  -16  and  20®C,  after  which  the  heat  capacity  continuously 
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grow/incceases  to  0.46  cai/g*deg  with 

Page  98. 

As  in  the  case  of  the  anoealed  specinen/sa spies,  heat  capacity  of  the 
fusion/nelts  of  the  hardened/tenpeced  specinen/sa spies  of  both 
oligonecs  only  inslgnif icantiy  they  are  increased  with  tenperature. 

In  view  of  the  iaposition  ot  tne  effects  indicated  it  was  not  the 
possible  to  estinate  then  guantitatiwely .  However,  the  approxinately 
theraal  effect  of  nelting  tne  hardened/tenpered  specinen/sanple 
OEA-2000  is  1.5  tines  nore  than  tne  summary  theraal  effect  of 
crystallization. 

The  curves  of  the  temperature  dependence  of  the  heat  capacity  of 
oligourethane  and  elastomers  are  given  in  Pig.  55.  In  initial 
specimens  it  is  polyurethane  (curve  1)  not  reveal/detected 
vitrification  and  their  heat  capacity  linearly  increases  from  low 
temperatures  to  20®C. 
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Fig.  54.  The  heat  capacity  o£  oligoethy leneglycoladipinate  OEA-1000 
(a)  and  OEA-2000  (b)  :  1  -  duneaied  specinen/saaple;  2  - 
hardened/teapered  speciaea/saaple. 

Key:  (1) .  cal/g*deg. 


Page  99 
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Higher  than  20<*C  heat  capacities  ot  initial  specieens  snoothly 
grow/increase  and  appear  tae  peaks  of  aelting  for  ^U'-lOOO  with  38°C 
(Cp=  1,02  cal/g*deg)  and  for  ou-,^000  at  40®C  (Cp~  1,66  cal/g»deg)  .  The 
corresponding  thernal  effects  are  o.9  and  12.8  cal/g.  Helting  00-1000 
and  OU-2000  is  ended  respectively  at  43  and  49®C,  after  which  the 
heat  capacity  reeains  aloost  constant. 

In  the  hardened/t empered  specinen/sanples  (curve  2)  00-1000  and 
00-2000  are  observed  the  jumps  of  heat  capacity  at  -36  and  46®C 
respectively^  bonded  with  transition  from  glassy  to  highly  elastic 
state.  Higher  than  the  temperature  of  the  vitrification  of  heat 
capacity  of  both  of  hardenea/tempered  specimen/sanples  linearly  they 
depend  on  the  temperature  (see  Table  26)  up  to  100®C;  however,  in 
00-2000  is  observed  small  maximum  with  40®C  with  Cp=  0,44  cal/g*deg. 
Higher  than  50®C  the  heat  capacicy  of  the  initial  and 
hardened/tenpered  specimea/samples  coincide. 

from  Pig.  55c,  d  it  is  evident  that  elastomers  EL-3  and  EL-4  on 
basis  OEA-2000  are  capable  of  crystallization,  to  which  testify  the 
peaks  of  aelting  initial  specxmeus  (curves  1) .  Temperatures  and  heat 
of  fusion  of  initial  specimens  EL-3  and  EL-4  are  equal  to  36®C,  8.95 
cal/g  and  36®C,  8.20  cal/g  respectxvely .  The  presence  of  the  small 
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(order  0.02-0.03)  jumps  of  aeat  capacity  in  the  temperature  range  of 
vitrification  tells  about  tae  inconpletness  crystallization  in  these 
systems. 


'  4 
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Pig.  55.  The  heat  capacity  of  olxgourethane  00-1000  (a),  00-2000  (b) 
and  cross-linked  it  is  poly urotnaae  EL-U  (c) ,  EL-3  (d) ,  EL-2  (e) , 
EL-1  (f) :  1  -  initial  specimen;  I  -  hardened/teapered 
speciaen/sanple. 

Key:  (1).  cal/g*deg. 

Page  100. 

The  curves  of  the  heat  capacities  of  the  hardened/tempered 
speciaen/sanples  consist  of  linear  sections  before  and  after 
vitrification  temperature,  traich  for  EL-3  and  EL-4  is  equal  to  vith 
respect  -27  and  -29®C.  Elastomers  EL-i  and  FL-2  are  not  capable  of 
crystallization  (Pig.  55e,  f>.  The  curves  of  the  initial  and 
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hacdened/teapered  speciaea/saapiei*  for  these  elastoaers  coincide  and 
consist  of  the  linear  sections,  divided  by  intervals  of  bends, 
corresponding  to  the  teaperatures  of  vitrification  (-7®c  for  EL-1  and 
-14®C  for  EL-2). 

All  investigated  specxmen/saaples,  vith  exception  OEA-1000, 
underwent  quenching,  and  for  them  were  deterained  the  values  of  soae 
values,  characterizing  vitrification  stable  27)  .  In  this  case  as  for 
systeas  with  oligodiethylenegiycol  units,  upon  transfer  froa  oligoaer 
to  cross-linked  elastoaer  7'c  regularly  it  is  raised. 

Since  polyaers  depends  on  molecular  weight,  regularity  of 
structure,  flexibility  of  chain,  presence  and  arrangeaent  of 
functional  groups,  the  network  density  of  cheaical  cross-linkings 
etcetera,  increase  K  in  linear  oiigourethane  it  is  caused  either 
greater  in  coaparison  with  initial  oligoether  by  the  rigidity  of 
chains  determined  ther modynaaic  flexibility  or  the  presence  in  the 
last/latter  polar  urethane  groups,  which  affect  the  kinetic 
flexibility  (nobility)  of  chains.  For  systems  with 

oligodiethylenegiycol  units,  is  already  shown  the  indisputable  effect 
of  the  second  factor. 

In  this  case  the  ccaparison  of  the  thermodynamic  flexibility  of 
oligoether/ester  and  oiigourethane  is  carried  out  on  the  basis  of  the 
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equivalency  of  fora  and  size/UiBensions  of  aacroaolecules  in  6- 
-solvent  and  disordered  state.  As  the  aeasure  of  theraodynaaic 
flezibilityr  is  selected  paraaeter  K»  froa  the  equation  of  Knn-Harh- 
Khuvink  for  the  duct ility/touqhness/viscosity  of  polyaers  in  0- 
-solvents,  since  depends  only  on  structure  and  confornation  of 
aacroBolecule. 


I 

i 
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Table  27.  Chacncterlstlcs  cue  vitrxfication  of  systems  on  the  basis 


of  oligoethyleneglycoladipate. 
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1  0.120 
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!  15 

—7 
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(1)  *  Substance.  (2)  .  cai/9*deg.  (3) .  cal/Bole*deg. 


POOTHOTB  ».  -  interval  ot  vitrification. 

*.  -  was  defined  as  temperature  by  which  increment  of  heat 

capacity  during  vitritication  reached  half  its  value. 
EHDFOOTNOTE. 

Page  101. 

A'a  they  determined  according  to  the  equation  of  Krevelen  [252]: 

Ke  =  '5  AiyV  .  (iV.fii 

where  molecular  weight,  which  is  necessary  to  one  atom  of  main 
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circuit;  S^-  value,  depending  on  tne  specific  hardness,  which  is 
necessary  to  one  aton  or  nain  circuit. 

The  nuaerical  value  o£  paraaeter  K'n  render /showed 
A'„  -  (5 1  14)>  =  17,8-10'''  and  (51.2»10"*/4. 15)  »»1S.8*10"*  for  OEA 

and  00  respectively.  Calculated  value  A'e  for  OBA  in  accuracy 
coincides  with  experimental  data,  that  confiras  the  authenticity  of 
the  obtained  results. 

Since  value  for  OSA  and  ou  they  are  close  in  value,  then 
count  that  the  theraodynaaic  flexioility  of  macroaolecules  OEA  and  OU 
virtually  identical.  Hence  it  follows  that  the  presence  of 
diisocyanate  unit  does  not  affect  the  theraodynaaic  flexibility  of 
the  chains  of  linear  oligoucethane,  and  consequently,  increase  7'c 
upon  transfer  froa  OEA  to  OU  is  caused  only  by  decrease  of  the 
kinetic  flexibility  of  chains,  wnicb  depends  on  the  concentration  of 
polar  urethane  groups.  For  the  present  instance  is  observed  linear 
dependence  7'^  on  the  concentration  of  urethane  groups  into  OU  (Fig. 
56)  . 


The  presence  of  cheaical  cross-linking  in  elastoaers  also 
considerably  decreases  the  segaental  nobility  of  nacroaolecules. 


lb 


leading  to  further  increase  T^.  However,  the  predominant  contribution 
to  increase  upon  transfer  froa  oligoner  to  elastomer  and  for  this 
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systea  introduces  forsed  oy  polar  groups  physical  grid  (table  28)  . 
Certain  increase  EL-J  and  EL-4  can  give  the  partial 
crystallization  of  these  elastomers  (see  Fig.  55c,  d) .  Rigid 
crystalline  sections  also  liait  nobility  of  chain  in  the  adjacent 
regions,  producing  increase 
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0  0,5  1,0  1.5  2.0  2.5  C.MOfi^/IOOOl 

Pig.  56.  Dependence  of.  oligoucethane  on  the  concentration  of  the 
urethane  groups:  it  is  calculated;  is  deter nined 

ex  per  i  nen  tall  j . 

Key:  (1) .  nole. 

Page  102. 

Let  us  examine  now  the  cnaracterist ic  vitrification  via  the 
conparison  of  the  jump  of  heat  capacity  during  the  vitrification  of 
the  separate  objects  of  the  investigated  systen  taking  into  account 
Runderlich*s  rule  [343],  According  to  this  rule  the  increment  of  heat 
capacity  during  vitrification  taking  into  calculation  1  mole  of  the 
structural  "beads"  of  molecule  is  the  constant  value,  egual  to  2.97 
cal/nole«de9.  Table  27  corrected  values  AC,  for  the  investigated 
series/nunber  of  polymers,  ootained  on  the  formula 

ACp  =  MCp. 

where  H  *  average  molecular  weight,  which  is  necessary  to  one  "bead"; 
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ACp  -  obsarvAd  in  experiaeat  juap  of  heat  capacity  during 
vitrification. 

Values  ACp  for  all  invastigated  systeas  (see  Table  27),  with 
exception  OBi-2000,  they  are  close  to  theoretical.  Soaewhat  low  value 
ACp  for  OBA-2000  is  explained  oy  the  partial  crystallization  of 
oligoaer  with  quenching,  inrs  indicates  the  fact  that  the  ratio  of 
the  theoretical  increment  ol  heat  capacity  during  the  vitrification 
to  experiaental,  which  can  serve  as  the  measure  of  the  depth  of 
crystallization  of  polymer,  ror  OBA-2000  is  close  to  value  (1.5)  of 
the  relationship/ratio  of  ics  heat  of  fusion  and  crystallization. 

According  to  [343],  ACp  is  proportional  to  the  specific  volume 
of  energy  of  the  formation  of  new  holes  and  is  inversely  proportional 
7’c-  It  is  known  [for  343]  chat  the  cross-linking  of  polymers  is 
accompanied  by  the  decrease  of  specific  volume,  it  the  sane  time  upon 
transfer  from  on  to  cross-linked  elastomers  ACp  it  renains  invariable 
and  grow/increases  (see  Taole  27).  Hence,  the  presence  in 
nolecular  structure  it  is  polyurechane  the  grid  of  physical  and 
chenical  bonds  raises  energy  of  the  formation  of  new  holes  the 
greater,  the  greater  the  network  density. 
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Table  28.  Contcibutlon  of  diisocyaaate  and  cheaical  cross-linking  in 
increase  in  oligodietayieneglycoladlpate. 
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1 

-35 
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6 

Key:  (1).  Sabstance.  (2).  aoie.  (i) .  calculated.  (4).  cross-linking 
agent. 

Page  103. 

It  should  be  noted  taat  the  absolute  value,  and  also  the  rate  of 
growth  in  the  heat  capacity  in  iow-teaperature  ones  region  upon 
transfer  froa  oligoether/ester  lo  the  cross-linked  rubbers  is  lowered 
(see  Table  26) .  This  can  be  erpiained  by  a  decrease  of  a  number  of 
the  vibrational  degrees  of  tceedoa  of  system  because  of  the  presence 
of  the  strong  interaction  between  polar  groups  in  oligourethane,  and 
in  the  cross-linked  elastomers  -  to  the  presence  of  the  grid  of 
chemical  bonds. 

Made  of  the  comparison  of  tne  curves  of  the  temperature 
dependence  of  the  heat  capacity  of  the  annealed  and  hardened/tempered 
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speclaen/saaples  OE&-1000  aad  OEA-iOOO  (see  Fig.  54a»  b)  it  is 
evident  that  the  naxiauBs  or  the  peaks  of  aelting  hardened/teapered 
speciaen/saaples  of  both  of  oiigoaers  are  misaligned  into  the  region 
of  lower  teaperatures.  Furthecaoce,  for  the  hardened/teapered 
speciaen/saaple  OEA-2000  is  observed  two  exotheraic  peaks  of 
crystallization.  The  discovered  pnenoaenon  is  explained  by  the  fact 
that  depending  on  the  conditions/aode  of  heat  treataent  in  the 
speciaen/saaples  of  OEA  are  formed  different  crystalline 
aodifications. 

The  snail  area  of  tne  peak  of  the  crystallization  of 
high^teaperature  fora  (at  1&**C)  and  the  absence  of  the  peak  of  the 
crystallization  of  low-teaperature  form  in  OEA- 1000  indicate  its 
eztreaely  high  crystallization  rate  which  it  is  not  possible  to 
coapletely  suppress  even  guenching  in  liquid  nitrogen.  The  conplex 
character  of  the  dependence  of  heat  capacity  of  both  of 
oligoether/ester  in  interval  of  Z0-40®C  (see  Fig.  54,  curve  1)  is 
explained  by  rearrange aent  and  decomposition  of  superaolecular 
structures. 

As  can  be  seen  from  Fig.  55,  transition  froa  OEA  to  OU  is 
accoapanied  by  the  noticeable  decrease  of  the  capacity  to  be 
crystallized,  to  which  testify  the  significant  decrease  of  the 
theraal  effects  of  aelting  initial  speciaens  and  the  absence  of 
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crystallization  in  the  hacdenad/teBpered  specisen/saaples  00.  00  are 
crystallized  only  in  tiae  aoreovec  00>2000  is  crystallized 
considerably  faster  than  an  00-1000. 

Crystallizing  the  polyaers  can  be  divided  into  two  stages:  the 
foraation  of  the  netastabie  tuo-diaensional-regulated  state  (without 
a  change  in  internolecular  interaction)  and  the  spontaneous 
transition  into  final  state  witn  three-d iaensional  order,  which  is 
accoapanied  by  an  increase  in  internolecular  interaction.  For  the 
polyaers,  which  do  not  have  polar  functional  groups,  the  capability 
for  crystallization  is  deterained  in  essence  by  the  theraodynaaic 
flexibility  of  chains,  and  tnereiore  for  thea  the  stages  of 
crystallization  indicatea  it  is  not  possible  to  experiaentally 
divide.  However,  the  properties  of  aacroaolecules  00  are  deternined 
not  only  by  the  theraodynaaic,  out  also  kinetic  flexibility,  which 
depends  on  the  concentration  of  urethane  groups.  In  this  case  the 
internolecular  hydrogen  bonds  which  are  foraed  during  the  first  stage 
of  crystallization,  noticeably  staoilize  t wo-diaensional-ordered 
pseudocrystalline  state,  as  a  result  of  which  under  the  teaperature 
conditions  indicated  the  secona  stage  of  crystallization 
occur/flow/lasts  for  a  lonj  ciae  C276,  266]. 


Page  104 
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Since  the  concentration  ot  urethane  groups  in  00-2000  is  less 
than  in  00-1000,  capability  for  crystallization,  i.e.,  the  saaller 
duration  of  the  first  stage  of  crystallization,  in  00-2000  it  is 
Bore.  On  the  other  hand,  artuough  the  energy  density  of  cohesion  into 
00  is  above  because  of  the  presence  of  urethane  groups,  than  in 
existing  OEA,  temperature  and  heat  of  fusion  is  below.  This  is 
explained  by  considerably  greater  defectiveness  of  crystal  lattice 
00,  by  caused  asynnetry  of  the  aolecular  structure  of  the  links  of 
the  isoner  of  2.4-TOI.  on  this  saae  reason  the  thermal  effect  of 
Belting  OU-1000  is  consxderanry  less  than  in  00-2000.  Since  the 
concentration  of  units  2.4-Xul  rn  oo-IOOO  is  sore  than  in  O0-2000,  it 
is  possible  to  expect  tnat  a  teuperature  decrease  of  Belting  in 
00-1000  will  be  more.  However,  a  difference  in  the  teaperatures  of 
Belting  of  OEA  and  corresponding  00  is  a pproxiaately  identical.  It  is 
assuaed  that  the  relatively  hign  aelting  point  00-1000  is  caused  by 
SBall  entropy  of  fusion,  as  a  result  of  an  increase  in  the  entropy  in 
crystalline  state  because  ot  the  disordering  action/effect  of  links 
2.  4-TDI. 

Transition  to  the  cross-linked  elastomers  is  accompanied  by 
farther  reduction  in  the  capability  for  crystallization  as  a  result 
of  steric  linitations,  applied  on  mobility  of  chain  by  the  nodes  of 
cheBical  grid.  Capability  for  crystallization  they  retain  only  EL-4 
and  BL-3  (see  Pig.  55) ,  network  density  in  which  is  considerably  less 
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than  into  EL- 1  and  EL- 2. 

According  to  the  theory  ot  aelting  cellular  polymers  [88],  the 
cross-linking  of  statistical  chains  must  lead  to  the  temperature 
decrease  of  melting,  proportional  to  network  density.  An 
insignificant  (order  of  2**C)  temperature  decrease  of  melting  EL-3  and 
EL-2  is  explained  so  by  small  network  density  which  the 
exception/elimination  or  tne  cross-linked  sections  of  chains  from 
crystal  lattice  leads  only  to  an  insignificant  increase  in  the 
entropy  of  fusion  and  it  barely  afreets  melting  point. 

The  absolute  value  ot  tne  neat  capacity  of  the  fusion/melts  of 
studied  OEA  and  oo  in  the  range  of  temperatures  to  lOO^’C  barely 
grow/increases. 

In  accordance  with  tree-volume  concept  [231]  the  heat  capacity 
of  liquids  is  composed  of  '‘oscillatory"  and  "bole"  (bonded  with  the 
formation  of  new  holes)  parts.  Assuming  that  melting  is  reduced  to 
formation  and  enrichment  ot  fusion/melt  by  holes  [143],  then  the 
observed  course  of  the  neat  capacity  of  the  fusion/aelts  of  the 
oligomers  being  investigated  one  should,  obviously,  explain  by  zero 
contribution  of  one  of  the  addend  common/general/total  heat  capacity, 
namely  "hole"  part.  This  tells  anout  the  fact  that  energy  of  the 
formation  of  new  holes  exceeds  energy  of  the  thermal  agitation  of 
aolmcoles  in  the  fuaion/aelts  of  0£A  and  OD. 
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Properties  oligohydroxytecraaetiiyldneglycol  and  synthesized  on  their 
basis  of  linear  ones  and  cross- iiuKed  is  polyurethane. 

Soae  properties  it  is  polyurethane  on  the  basis  of  ' 

oligohydrozytetranethy lenegiycol  (polyfurit)  they  are  investigated  by 
caloriaetric  aethod  [77]  (Table  29).  Relationship/ratio  OH/NCO  for 
oligouret hane  and  elasjtoaers  was  the  same  as  for  such  on  basis  OEA. 

As  is  evident  in  Pxg.  57a,  tne  heat  capacity  of  the  annealed 
speciaen/saaple  pF-1000  (curve  1)  in  range  from  -70  to  -SQoc  has 
constant  value  and  then  saootaly  it  grov/increases,  developing  small 
endotheraal  peak  (thermal  ettect  of  5.84  cal/g)  with  aaximua  with 
0®C,  after  which  it  is  lowered  at  b®C  and  then  sharply  it 
grow/increases  at  13®c.  lu  interval  of  13-180C,  increase  in  the  heat 
capacity  somewhat  is  retarded,  and  then  appears  into  the  basic  peak 
of  melting  with  23®C.  Melting  is  ended  at  33®C,  after  which  the  value 
of  heat  capacity  to  100®C  virtually  is  unchanged.  The 
coaaon/general/total  theraal  effect  of  melting  is  28.65  cal/g. 

During  heating  of  the  hardened/teapered  speciaen/saaple  PF-1000 
(Fig.  57a,  curve  2)  the  heat  capacity  increases  linearly  in  the  range 
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of  teapecatures  fron  -80  to  after  Hhich  the  heat  capacity 

rapidly  grow/increases,  caaagiag  into  endotheraal  peak  vith  naxiaua 
with  11®C  and  by  theraai  eftect  ot  10.6  cal/g.  After  decrease  with 
15®C,  the  heat  capacity  again  rapidly  grov/increases  at  aelting  point 
with  22®C  and  decreases  up  to  32®C.  The  sunaary  theraai  effect  of 
aelting  is  27.95  cal/g. 


DOC  *  79011106 


PkGH 


^able  29.  The  initial  chacactecistic  of 

oligohydcoxytetraaethyleneglycol  xt  is  polyacethane  on  its  basis. 
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Key:  (1).  Substance.  (2).  Conventional  designations  of  substance. 

(3) .  Belationship/ratio  of  cross-linking  agent.  (4)  .  Polyfurit.  (5)  . 
oligourethane  on.  (6).  i^lastoaer  on. 


FOOTNOTE  ».  Corrected  values  EHOFOOTMOTE. 


Pages  106-107. 


The  heat  capacity  of  tae  annealed  spec iaen/sam pie  PF-2000  (Fig. 
57b,  curve  1)  linearly  grow/increases  fro*  -70  to  -10°C  and  then 
saoothly  appears  endotheraai  peak  with  19oc  (theraal  effect  of  6.95 
cal/g)  .  At  23<’C  heat  capacity  is  reduced  then  rapidly  grov/i ncreases 
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and  becones  naxinum  at  aeltlQ'j  point  with  32**C.  Conaon/general/total 
theraal  effect  of  nelting  xs  egual  to  26.7  cal/g. 

In  the  curve  of  the  heat  capacity  of  the  hardened/teapered 
speciaen/saaple  PF-2000  (Fxg.  57b,  curve  2)  is  observed  the  snail 
endotheraal  lift  in  the  range  of  temperatures  froa  -95  to  -80®C, 
characteristic  for  transition  from  glassy  to  highly  elastic  state. 
Tains  7’e  for  polyoxytetrametnyiene  is  equal  to  -55  on  [341],  -84  on 
[338],  -86«C  on  [337  ]. 

Froa  results  of  calorimetric  measurements,  it  follows  that 
the  PF-2000  has  value  on  tne  order  of  -88oc,  which  is  close  to  value 
of  -86«C,  obtained  by  dilatometric  method  [337]  for  a  high-molecular 
polymer. 

From  -80®C  heat  capacity  of  tne  quenched  speciaen/saaple  PF-2000 
linearly  grow/increases  to  -20®C  and  it  passes  through  the 
endothernal  step  with  11-15*c  (thermal  effect  of  5.45  cal/g), 
changing  then  into  the  peax  of  melting  with  26®C;  melting  is 
completed  at  36®C  and  heat  capacity  it  decreases. 
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Pig,  57.  Heat  capacity  is  poiyucethane  a  PP-1000  (a) ;  the  PP  2000 
(b) ;  oligourethaae  OOF- 1000  (c) ;  OOF- 2000  (d) ;  1  -  annealed 
speciaen/sanple;  2  -  hacdeued/tenpered  speciaen/saaple. 


Key;  (1).  cal/g*deg. 


Page  108. 


The  theraal  effect  of  ■elting  is  19.65  cal/g.  In  interval  of  36-80°C 
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heat  capacity  barely  grov/xacreases,  but  beginning  with  80<*C  it 
decreases,  developing  exotheraic  peak  with  BaziBan  with  135**C.  The 
thernal  effect  of  exothecBxc  process  with  lUS^c  is  equal  to  64.8 
cal/g . 


In  the  curve  of  the  heat  capacity  of  the  annealed 
speciBen/saBple  oUF-1000  (Fig.  c,  d)  is  observed  the  juap  in  range 
froB  -75  to  -64®C,  which  corresponds  to  the  devitrification  of 
oligoaer,  after  which  tae  neat  capacity  retains  linear  dependence 
with  insignificant  lift  to  Further  it  decreases  before  the 

achieveaent  of  exothernic  peax  wxth  -11**C  in  solidification  range 
froB  -35  and  approxiaately  to  J®c  and  directly  it  changes  into  the 
peak  of  Belting  with  15®C.  la  vxew  of  the  iaposition  of 
crystallization  and  Belting,  accurate  deter lination  of  the  heat  of 
these  processes  was  not  iiapossxoie.  The  data  of  heat  are  close  to 
each  other  and  are  approzxaateiy  6.8  cal/g. 

Siailar  pattern  is  ooserveu  also  for  the  hardened/teapered 
speciBen/saaple  - 1000 ;  however,  in  this  case  an  interval  of 
vitrification  sonewhat  becoaes  narrow,  and  solidification  range  is 
Bisaligned  into  the  regxoa  of  the  lower  (froB  -40  to  O^C) 
teaperatures  with  peak  at  -15<*c.  Ac  the  sane  tiae  an  interval  of 
Belting  is  expanded  (froa  0  to  ,  aoreover  the  peak  of  aelting  is 

Bisaligned  to  IJ^C.  The  thecaal  effects  of  crystallization  and 
Belting  are  equal  to  6.4J  and  8.95  cal/g  respectively. 


rig.  58.  Heat  capacity  of  tbe  loitial  (a)  and  exposed/persistent  at 
tenpecature  of  -UO^C  (b)  speciaen/samples  of  those  cross>Ilnked  it  is 
polyurethane: 

/  —  9.1'Ji  l:  2  -  3  —  3.ni|>-3:  4  —  BA*-*. 


Key;  (1).  cal/g»deg. 

Page  109. 


The  curve  of  the  heat  capacity  of  the  annealed  specinen/sample 
OOr-2000  (Pig.  57  c,  d,  curve  I)  in  low- teuperature  ones  region 
consists  of  t»o  sections  of  range  iron  -70  to  -40  and  fron  -30  to 
O^C,  then  it  passes  througa  the  snail  lift  with  naxinua  with  10**C,  it 
is  lowered  at  18'*C  and  sharply  it  grow/increases  at  nelting  point 
with  29®C.  Thernal  effect  is  17.35  cal/g. 
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The  heat  capacity  of  the  hardened/teapeced  speciaen/saeple 
O0F~2000  (Fig.  57d,  curve  2)  iiaearly  grov/incceases  fro*  -70  to 
-20°C,  it  passes  through  rue  lart  with  -1®C  and  after  insignificant 
lowering  with  6®C,  rapidly  it  grow/increases  at  aelting  point  of 
27®C.  Heat  of  Belting  16.9  cal/g. 

Figure  58a  depicts  the  curves  of  the  heat  capacities  of  the 
initial  specimens  of  the  cross- iinted  elastoaers.  These  elastoners 
are  not  capable  of  crystallization  at  roon  temperature*  to  which 
testifies  the  absence  of  tue  noticeable  peaks  of  melting*  and  also 
the  presence  of  sharp  bends  at  vitrification  temperatures  on  the 
curves  of  heat  capacity  in  low-temperature  ones  region.  The 
temperatures  of  the  vitrification  of  elastomer  on  basis  PF-2000 
(curves  1  and  2)  lie/rest  at  tae  region  of  lower  temperatures*  than 
in  elastomers  on  basis  Pf-1000  (curves  3*  4). 

Figure  58b  gives  the  curves  of  the  heat  capacities  of  the 
elastomers  indicated*  exposed/persistent  long  time  at  temperature  of 


-4«C 
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'(able  30.  Equations  Cp>/(r)  for  tne  linear  sections  of  the  heat 
capacities  of  oligoether/ester,  oligourethane  and  cross-linked  it  is 
polyurethane. 


0'^ 

nMMMCp 

OtokjkchiiwA  o6p«*c« 

3»xa;ieNiJuA  olSpasi^u 

(wb  1 

VpineiiHe 

5^r«iinepa« 
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Tcpaa.n,  *C 

VpamcHH. 

^pAHiepa- 
rypHUA  MH- 
TepHa;i.  *i' 
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0.298 

-70 
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0,I624-9,8  10-^7’ 

33 
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0.503 

32 

100 

n4)-2000 

-0.293+3.06  10"^^ 

—70 

—  10 

0,036+1.49  10"^  T 
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0,550 
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23 

100 

0.148+1,03  10“  '  T 

2.i 

100 
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-40 

—0.083+1.51  10-'  T 

.-70 
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0,227+1,03  10-^  T 

40 

100 
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100 
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100 
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0,094+9.8- 10-^  T 
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0.094-,-9.8.10-''  T 
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0.137+9.8  lO-*  ^ 
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0.088+9,8. 10"‘  T 

30 
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0,172+9.8.  lO-*  ^ 
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—40 

0,232+9.8  10-^  T 

-65 

-20 

0,186+9,8.10-^  1' 

35 

100 

0,2.32+9.8  10“^  ^ 
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3W-4 

0.148+9.810-^  ^ 

-60 

—40 

0.202+9,8  10-^  T 

-60 

0 

0,186+93  10“^  T 

30 

100 

0,175+1,05  10-’^’ 

30 

100 

Key:  (1).  Polyser.  (2).  Annealed  specinen/sanple.  (3). 
Hardened/teapered  speciaen/saaple.  (4) .  Equation.  (5) .  Tenperature 
interval,  '’C.  (6).  fron.  (7).  to. 


Page  110. 

Peon  curves  it  is  evident  tnat  under  these  conditions  are 
crystallized  only  the  elastoaers  on  basis  PF-2000  (curves  1  and  2)  in 
sufficiently  wide  tenperature  interval  froa  -40  to  5^C.  Helting  these 
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speclaen/saaples  is  accoapaaieu  i>y  the  appearance  of  sharp  aaxiauas 
of  heat  capacity  with  20°C,  deat  of  crystallization  and  aelting 
coaprise  with  respect  to  5.06  and  5.83  cal/g  for  ELF-3  and  2.93 
and  3.66  cal/g  for  ILF- 4. 

Table  30  gives  the  pacaaeters  of  equation  Cp^f  (T)  for  the 
linear  sections  of  the  given  curves,  calculated  by  the  aethod  of 
least  squares.  Table  31  contains  the  values  of  the  values,  which 
characterize  the  transition  of  the  investigated  objects  froa  glassy 
to  highly  elastic  state.  Constant  /Ce,  calculated  by  formula  (IF,  6), 
upon  transfer  from  oligoether  to  oligourethane  in  this  case  is  not 
virtually  changed.  Its  values  for  PF  and  OOF  are  equal  to  19.1»10"* 
and  19.4*10'*  respectively.  Consequently ,  the  theraodynaaic 
flexibility  of  aacronolecules  and  these  oligoaers  is  approximately 
identical,  i.e.,  the  presence  of  the  units  of 

toluene-2,4-diisocyanate  is  not  reflected  in  the  flexibility  of  chain 
aad  for  these  systeus  is  predetermined  mainly  by  a  change  in  the 
kinetic  flexibility  of  macro-chain.  This  corresponds  to  the  data 
given  in  chapter  II. 

The  presence  of  the  grid  of  cheaical  bonds  also  leads  to  certain 
increase  T^.  However,  basic  effect  cross  connections  are  exerted  to 
the  value  of  an  interval  of  vitrification,  aoceover  is  observed 
tendency  toward  the  expansion  of  an  interval  of  vitrification  during 


1^ 


DOC  =  79011106 


PAG£ 


an  increase  in  the  degree  cross-iiahing  and  the  decrease  of  nolecular 
weight  of  initial  oligoether.  Since  vitrification  is  relaxation 
process,  an  increase  in  the  interval  of  vitrification  can  be 
explained  by  the  expansion  of  the  spectrum  of  relaxation  times  as  a 
result  of  localization  of  me  free  space  of  system  in  the  places  of 
cross-linking  [246  ],  and  also  by  the  partial  dissociation  of 
relatively  weak  hydrogen  oonds  in  polyurethane  on  the  basis  of  simple 
oligoet her/ester. 

The  values  of  the  inccemeut  of  heat  capacity  during 
vitrification  A  C,  for  studied  secies/number  of  polymers  (Table  31) 
are  close  to  the  values,  calculated  for  organic  glasses  [343]. 
Exception  is  the  PP-2000,  which  is  explained  by  its  partial 
crystallization  with  quenching. 
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Table  31.  Characteristics  the  vitrification  of  polyfurit  and 
polyurethane  on  its  basis. 


0)> 

C)6pa3eu  ( 
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no-aooo 
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—88 
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14,4 

0,89 
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6 

—67 

0,116 
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2.71 

23 

—43 

0,104 

23,3 

2,42 

21 

-39 

0,098 

233 

238 

20 

—77 

0.113 

233 

2,63 

20 

-80 

0.106 

23,3 

2,47 

Key:  (1).  Specinen/saaple.  (2).  cai/g*deg.  (3).  cal/aole«deg. 
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The  value  of  the  increaent  of  heat  capacity  during  vitrification 
is  proportional  to  eneri^y  or  the  formation  of  new  holes  and  it  is 
inversely  proportional  to  vitrification  temperature.  Hence  it  is 
possible  to  draw  the  coociusiou  that  and  for  this  ser ies/nuaber  of 
polyaers  energy  of  the  foraatioo  of  new  holes  grow/increases  upon 
transfer  froa  initial  oligoethec  to  the  cross-linhed  elastoaer. 


In  bond  with  aforesaid,  it  is  interesting  to  coapare  the 
paraaeters  the  vitrification  of  polymers  of  both  of  investigated 
series/nuabers.  Since  is  polyurethane  on  the  basis  polyethers 

(polyfurit)  considerably  lower  than  in  it  is  polyurethane  on  the 
basis  of  polyesters  (oligoethylenaadipate)  ,  then  energy  of  the 
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Cocaation  of  holes  in  the  latter  accordingly  higher.  Since 
polyurethane  on  the  basis  poiyetners  differ  froe  it  is  polyurethane 
on  the  basis  of  coeplex  polyethers  only  by  character  of 
inter eolecular  hydrogen  bonds,  it  is  logical  to  assuee  that  the 
hydrogen  bonds  between  oxygen  of  complex  ester  groups  and  hydrogen  of 
the  terminal  hydroxyl  groups  or  tiU-groups  of  urethane  link  more 
strong/durable,  than  bonds  witn  the  collaboration  of  oxygen  of  simple 
ester  groups.  This  is  ccnfirmed  by  literature  data  f 13,  327,  332]. 

For  the  hardened/teupered  and  annealed  specimen/saaples  PF-1000 
and /’F-JooOj is  observed  the  in  stages  character  of  the  melting  (see  Fig. 
57) .  Formally  this  character  of  the  decomposition  of  crystal 
structure  resembles  the  picture  of  melting  the  annealed 
speciaen/sample  OEA-2000  (see  Fig.  54),  which  in  crystalline  state 
can  exist  in  two  modifications,  however,  the  results  of  the  X-ray 
diffraction  analysis  of  polyoxytetramethylene  [183,  236]  make  it 
possible  to  consider  that  roc  it  is  characteristic  only  one  crystal 
structure  and  that  the  observed  snape  of  the  curve  of  melting  is 
caused  by  the  kinetic  conditions  of  crystallizing  polyfurit.  In  this 
case,  are  noted  two  special  reature/peculiarities.  First,  melting  the 
hardened/tempered  and  annealed  specimen/samples  has  the  analogous 
character,  which  attests  to  tue  fact  that  the  mechanism  of  nuclei 
forming  during  the  crystallization  of  these  oligomers  does  not  depend 
on  the  degree  of  supercooling  and  rate  of  cooling  of  f usion/melts . 
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Hence,  the  nucleation  c£  ccystailiae  phase  has  the  athecaic 
character,  caused  by  the  existence  of  nicro-heterogeneity  in 
fusion/aelts  PF- 1000  and  PF-,i000,  heated  to  tenperature  of  lOQoc. 

Such  aicro-heterogeneity,  appacentiy,  are  associates  froa 
■acroaolecules,  generatrices  necause  of  the  hydrogen  bonds  between 
ether/ester  oxygen  and  terainal  aydroxyl  groups. 

In  the  second  place,  in  accordance  with  Flory's  theraodynamic 
theory  [210]  the  aelting  point  or  polymer  crystalls  is  determined  by 
their  size/diaensions.  in  the  case  of  the  even  distribution  of 
crystals  according  to  size/diaensions,  fusion  curve  of  polyaer  aust 
be  smooth  and  have  one  aaxiaum  at  the  temperature,  which  corresponds 
to  aelting  bulk  of  crystals. 

Page  112. 

On  obtained  curves  of  heat  capacity  PF-1000  and PF-5CD0there  is  several 
aaxiauas  in  an  interval  of  tne  melting  (see  Fig.  57a,  b) .  Therefore 
it  is  assumed  that  during  the  crystallization  of  these  oligomers 
occurs  the  foraation  of  crystals  of  several  discrete  size/diaensions 
which  are  aelted  at  the  temperatures,  which  correspond  to  maxiaums  in 
the  corves  of  heat  capacity.  Tuis  will  agree  with  the  results  of  the 
roentgenographic  and  dilatoaetric  investigations  of  siailar  in 
structure  low^aolecular  poiyoxyetoy lenes  [ 161  ],  for  which  is 
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reveal/detected  the  phenomenon  ot  fractionation  in  the  unit  of 
flat/plane  crystals  depending  on  their  height. 

In  turn,  the  height  of  crystallite  in  low-molecular 
polyether/polyesters  is  determined  by  the  length  of  macromolecule 
[1611.  Thus,  the  observed  character  of  melting  can  testify 
simultaneously  to  polydispersion  low-molecular  PF-1000  and  the 
PP-2000,  which  depending  on  syntnesis  condition  can  achieve 
significant  magnitude  [83,  334 J. 

Low  melting  points  EF-1000  and  PF-2000  (Table  32)  are  explained 
by  the  high  values  of  entropy  of  rusion.  Since  the  entropy  of  fusion 
strongly  depends  on  the  conformation  of  macromolecules  in  the  molten 
state,  is  given  below  the  estimation  of  the  contribution  of  the 
conformational  entropy  of  these  oligomers  upon  transfer  from 
crystalline  to  liquid  state. 

The  entropy  of  fusion  of  polymers  can  be  presented  in  the  form 
of  following  expression  [ddj: 

dSnx  =  ASv  q-  (ASnfl)v> 

where  AS*-  -  the  contribution  to  entropy,  caused  by  volume  variation 
during  melting  A  A  Snji  -  the  contribution,  caused  by  a  change  in 
the  chain  conformation  during  melting  at  a  constant  volume.  Value 
ASv'Was  determined  from  the  formula 

ASv  =  -f  AV'^. 
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where  a  ^  a  coefficient  of  voiaaetric  theraal  expansion;  p 
isotheraal  compressibility. 


) 
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Thermodynaaic  pacaeetecs  of  melting. 
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Key:  (1).  Polymer.  (2).  Specimen/sample.  (3).  cal/g.  (4).  cal/mole. 
(5).  cal/mole*deg. 


Bh/DPCxrrhJOTP 

FOOTNOTE  *.  Entropy  of  fusion  was  calculated  frcm  formala  as„;, - 
(6).  Annealed.  (7).  Harden/tempered. 
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Values  a  and  are  undertaren  from  [313].  Since  PF'1000  and  PF-2000 
with  20^0  are  in  the  partially  molten  state,  then  for  calculation 
AVn;,  it  is  not  possible  to  use  the  experimental  values  of  density 
with  20^C  (pgo) •  Therefore  were  used  values  P|»  and  pri  for  the 
PF-3000  from  [313],  extrapolating  then  to  the  appropriate  melting 
points.  The  obtained  values  of  an  increase  in  the  volume  during 


i. 


-  - 
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■eltiag  are  identical  for  Pf-ldUU  and  PF-2000  and  ace  0.08  cbV=5*'76 
CB*/nole,  and  ASi  =  —(I.29  lQ~*l&,&5x  10“^)  ■  5,76=-  —61,4 

cn>atn/deg*noles-1.  48  cal/deg*aole. 


Since  the  contribution  of  voiune  variation  into  entropy  of 
fusion  is  not  nore  than  21-2io/o,  the  high  value  of  entropy  of  fusion 
PP-1000  and  PF-'2000  is  caused  mainly  by  an  increase  in  the  number  of 
conformations  of  macromolecules  during  melting.  Thus,  macromolecules 
PF  in  fusion/melt  must  have  more  or  less  coiled  conformations  in 
comparison  with  the  conformation  of  flat/plane  zigzag  in  crystalline 
state  [236,  183]. 


For  linear  oligouretnane,  especially  for  OOF-1000,  are  observed 
the  decrease  of  heat  of  fusion  and  the  shift  of  the  melting  points  in 
the  region  of  lower  temperatures  in  comparison  with  initial 
oligoethers.  This  is  explained  by  the  fact  that  in  oOF-1000  the 
concentration  of  links  2.4-lbI  wnose  presence  in  chain  leads  to  the 
defects  of  crystal  lattice  £ I^J,  higher  than  in  ODF~2000.  On  the  same 
reason  the  entropy  of  fusion  OUF-1000  is  less  than  the  entropy  of 
fusion  OOF-2000  (Table  32). 


It  is  substantial,  that  the  presence  of  diisocyanate  units  does 
not  virtually  affect  the  capacity  of  oligour ethanes  on  the  basis  of 
polyfurit  (ODF)  to  be  crystallized,  while  OD  on  the  basis  of  complex 
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ollgoet her/ester  Are  capaoie  o£  aeing  crystallized  only  in  tine.  This 
phenoaenon  is  bonded  with  greater  regularity  of  the  aolecular 
structure  of  polyfurit  and  presence  in  fusion/aelts  00  on  the  basis 
of  coaplex  oligoether/ester  of  the  more  strong/durable  inter aolecular 
hydrogen  bonds,  which  iapede  the  foraation  of  three-diaensional 
crystal  structure.  As  confiraation  serves  the  fact  that  the  heat 
capacity  of  fusion/aelts  UUE  grow/increases  faster  than  in  00, 
probably,  as  a  result  of  hrga  energy  of  the  foraation  of  boles  in  the 
latter. 

As  for  elastoaers  on  tne  oasis  of  oligoethyleneglycoladipate, 
capability  for  crystallization  develop  only  elastoaers  with  polyfurit 
units  with  a  aolecular  weignt  of  2000  (ELF-3  and  LF-4) ,  although,  as 
can  be  seen  froa  Table  29,  tne  networlc  density  of  cheaical 
cross-linkings  ELP-1  and  ELF-u  (elastomer  on  basis  PP-1000)  is 
approxiaately  identical.  Ueace  it  follows  that  basic  effect  on  the 
capability  of  polyurethane  elastomers  for  crystallization  has  the 
network  density  not  of  the  cneaical,  but  physical  (hydrogen)  bonds 
whose  number  into  ELF-3  and  EiF-4  is  less  than  into  BLP-1  and  ELF-2 
due  to  the  concentration  of  uretnane  groups. 

Page  114. 


The  low  value  of  entropy  of  fusion  ELF- 3  and  ELF-4  is  explained  by 
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the  saall  contribution  c£  conii9ucational  entropy  daring  aelting. 

Coaparative  characteristic  tbe  vitrification  of  those  cross-linked  is 
polyurethane  on  the  basis  of  oligoethyleneglycoladipate  and 
oligohydroxytetraaethy lenegiycoi. 

For  cross-linked  elastoaers  of  both  of  series/nuabersr  is  aade  a 
sealquantitative  evaluation  of  tne  contribution  of  inter-  and 
intraaolecular  reaction  to  their  Kinetic  properties  [110]. 

In  accordance  with  [EJ1],  transition  froa  glassy  state  to  liquid 
is  accoapanied  by  the  fcraation  of  the  new  holes,  which  are 
characterized  by  aolar  voiuae  Vh  and  aolar  excess  energy  (in 
coaparison  with  initial  "holeless*  state)  Energy  «/.  is  bonded 

with  an  increase  in  the  heat  capacity  by  approxiaate 
relationship/ratio  [88,  2J1] 

=77  ■  (—  Rfc  )  ’ 

£c  -  aolar  internal  residual  steaa-generatiug  heat  (energy  of 
cohesion)  at  the  teaperatare  of  vitrification  T'c-  Value  can  be 
deterained  froa  enpirical  dependence  [182] 


where  E  -  aolar  energy  of  cohesion;  T  -  aolar  specific  voiuae  at 
boiling  point;  \\  -  aolar  specific  voiuae  when  T^.  B  and  V  were 


calculated  froa  the  values  of  tne  corresponding  increases  for 
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functional  groups  [182]. 

Values  Vc  deternined  by  extrapolation  V2«  to  7'^,.  for  which  were 
used  the  values  of  the  coefficient  of  the  volusetric  thersal 
expansion  of  liquid  state  a>K,  deternined  according  to  eapirical 
relationship/ratio  £313].  Since  the  aacronolecules  of 

the  investigated  polyaecs  are  alternating  very  long  oligoester  and 
short  diisocyanate  sections,  in  rurther  calculations  H,  N  and 
corresponding  nolar  values  for  tne  repeated  structural  cell/elenents 
of  those  investigated  it  is  polyurethane  they  deternined,  considering 
polyurethane  the  block  copolyaers  (for  example,  that  was  being 
repeated  network  element  of  aacronolecule  BL-I  they  accepted  that 
consisting  of  86o/o  of  link  OBA-1000  and  14o/o  of  link  of  2.4-TDI). 
Talus  was  calculated  froa  fornula  [  343] 


Page  115. 

It  is  known  that  the  theoretical  bases  vitrification  in  the  free 
space  based  on  assumption  about  the  fact  that  the  transition  from 
glassy  state  occurs  at  the  temperature  by  which  the  value  of  free 
space  becomes  greater  certara  critical  value.  It  is  obvious,  this 
critical  free  space  depends  on  the  value  of  the  structural  elements, 
which  accept  collaboration  in  transition  [64].  In  turn,  forming  the 
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free  space  (holes)  in  low-aoiecuiai:  glass  is  accospanied  by  an 
increase  of  average  distance  between  separate  aolecules  that  has 
statistical  character,  in  this  case,  the  size/dinension  of  the 
generating  holes  is  conaensurable  with  aolecalar  diaensions.  Daring 
the  devitrification  of  organic  glasses  besides  an  increase  in  the 
aedian  inter aolecalar  distance,  will  be  changed  also  the  chain 
conforaation  as  a  resalt  of  acguisition  by  the  aacroaolecales  of 
segaental  aobility.  In  this  case  the  size/diaension  of  holes  is 
deterained  already  by  the  value  of  the  segaent  of  chain.  Since  the 
valae  of  segaent  characterizes  the  flexibility  of  chain,  that, 
therefore,  the  saaller  values  of  bole  voluae  (i.e.  V^)  possess  the 
aore  flexible  chains.  Thus,  foraing  the  holes  in  polyaers  is  bonded 
with  the  valae  of  both  inter-  and  intranolecalar  reaction.  Since  the 
valae  of  heat  capacity  is  deterained  by  the  suaaary  contribution  of 
all  foras  of  the  aolecalar  uooility,  calculated  by  d  Q  values 
(see  Table  33)  they  will  also  uepend  on  the  aaount  of  inter-  and 
in tra aolecalar  forces,  froa  'Cable  13  it  is  evident  that  the  value  of 
Bolar  hole  voluaes  for  it  is  polyurethane  on  the  basis  of  coaplex 
oligoether/ester  (EL-1-EL-4)  less  than  for  it  is  polyurethane  on  the 
basis  of  siaple  oligoether/ester  (ELP- 1-ELF-4) .  Consequently,  the 
theraodynaaic  flexibility  of  the  aacroaolecales  of  polyurethane  with 
ester  units  is  higher  than  xa  the  aacroaolecales  of  polyurethane  with 
siaple  ether/ester  units. 
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Table  33.  Theraodfnaaic  paraaetecs  of  vitrif icatloa. 
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3j1-I 

173 

190,0 

141.0 

|<#900 

21.40 

885 

6,80 

130.0 

_  - 

3;i-2 

178 

190,0 

141.0 

1,37.0 

■riMiioi 

22.40 

845 

6.35 

151.5 

-14 

175 

189,5 

140.5 

136.0 

10450 

17600 

23.60 

770 

5,95 

129,5 

—27 

3/14 

175 

189.5 

140.5 

135.5 

17800 

845 

6.40 

1.32.0 

—29 

3Jl<t>-l 

81 

101,0 

73.0 

KZa 

8480 

8.17 

8,90 

121.5 

-43 

3.n<t-2 

81 

101,0 

73,0 

HiXi 

8480 

7,95 

121.3 

-39 

3J10-3 

77 

99,0 

73,0 

66.5 

4363 

8055 

8.70 

945 

121,0 

-77 

3JIO-4 

77 

99.0 

66.5 

4.365 

8065 

8.15 

975 

8.05 

121.0 

—80 

Key:  (1).  Blastoaer.  (2).  cbV*o^«*  (3).  cal/aole.  (4).  cal/Bole*deq. 
(5)  .  cal/ca*. 
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Analogous  conclusion  is  Bade  as  a  result  o£  investigations  of  the 
dilute  solutions  of  linear  ones  it  is  polyurethane  identical  nature 
[98].  Talue  for  EL-1  -fiL-4  is  also  higher  than  for  ELF-1  -  ELF-4. 
Consequently,  the  basic  contributron  to  energy  of  the  "hole"  state  of 
those  investigated  is  polyuretnane  it  introduces  intranolecular 
reaction. 


tt  is  sosewhat  unexpectedly,  that  the  tenperature  of  the 
vitrification  of  ester  ones  it  is  polyurethane  above  than  in 
appropriate  it  is  polyuretnane  on  the  basis  of  siaple 


'I 
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ollgoether/estec  (Table  JJ)  .  This  absence  of  the  correlation  between 
the  thereodynaaic  flexibility  of  chain  and  the  teaperature  of 
vitrification  once  again  tells  about  the  fact  that  the  latter  depends 
aainly  not  on  theraodynaaic,  but  on  the  kinetic  flexibility  of 
chains,  which  is  deterained  by  the  concentration  of  the  polar  groups, 
capable  of  the  foraation  of  secondary  bonds,  or  by  relative  strength 
(intensity)  the  latter.  Since  tne  concentration  of  urethane  groups  in 
the  appropriate  polyurethane  is  virtually  identical,  then  the  higher 
teaperatures  of  the  vitrification  of  ester  ones  it  is  polyurethane 
bears  out  the  greater  intensity  of  inter aolecular  interaction.  This 
is  evident  also  froa  the  coaparison  of  values  r„  ^able  33)  . 
Batio/relation  wnich  can  be  call/naaed  the  "hole"  energy 

density  of  cohesion,  is  the  characteristic  of  the  bulk  properties  of 
polyaer,  i.e.,  it  is  sensitive  to  aolecular  bonds.  The  coaparison  of 
the  values  of  the  "hole"  energy  densities  of  cohesion  it  is 
polyurethane  it  confiras  assuaptiou  about  the  fact  that  the  intensity 
of  interaolecular  interaction  is  acre  in  ester  polyurethane. 

Polyurethane  on  the  basis  of  other  oligoether  glycol  units. 

Investigation  of  the  effect  of  the  cheaical  structure  of 
polyether/polyesterurethane  for  their  capability  for  crystallization 
[94]  showed  that  the  poiyaecs,  synthesized  on  the  basis  of  ether 
glycols  (di-,  tri-  and  hexaethyieneadipateuret hane)  ,  and  also 
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polyaers  with  lateral  groups  (aethoxyaethyl-  and 
propy leneethy leneadipateurerhanej  ace  aaorphoas.  At  the  saae  tiae 
polyaers  on  the  basis  c£  glycols  of  polyaethylene  series/nuabec 
(ethylene-,  tciaethylene-,  tetraaethylene-  and 
pentaethyleneadipateurethane)  ace  the  crystallizing  polyaers. 

Proa  the  coapacison  of  tne  heights  of  the  aaxiauas  of  the  curves 
of  the  teaperature  dependence  of  the  dynaaic  aodulus  of  the 
crystallizing  polymers  indicated  it  is  evident  that  higher  aaximua  in 
polytetraaethyleneadipateurethaoe  (Fig.  59) .  On  the  basis  of  this,  is 
aade  the  conclusion  that  polyurethane  indicated  possesses  the  aaximum 
speed  of  crystallization,  whicn  is  confirmed  by  dilatoaetcic  data 
[94], 

Page  117. 

Is  studied  dependence  of  the  block  copolyaers  both  on  the 

nature,  molecular  weight,  molar  content  of  the  units  and  the  presence 
in  the  block  copolyaers  of  the  crystalline  phase,  foraed  by 
crystallizing  units  [25,  26,  160].  As  object  are  selected  the 

urethane  block  copolyaers  of  the  following  general  foraula: 

(_A-0C0NHRNHC00-),_,  (-B- 
-OCONHRNCOO-),. 

where  A  -  a  unit  of  the  alipharic  polyester: 

polyethyleneglycoladipate  (PEA)  or  polydiethy leneglycoladipate 
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(PDE&)  ;  C  -  anit  of  ester  on  oasis  o- ,  and  n-*bis 
O-hydroxyethoxy)  phenylea«adipinic  acid 

i-cx;,H40c,h,oCjH«ococ4H, CO-1,, 
designated  subsegaently  or,  a-  and  n-PPA. 

Here  investigated  the  series  of  the  blocic  copolyaers  on  the 
basis  of  the  following  pairs  of  poiyether/polyesters:  PEA  -  n  -  PFA, 
PEA  -  a-PFA,  PEA  -  o-PFA,  PDEA  -  «-PFA,  PDEA  -  o-PFA.  For  each  series 
of  copolyaers  a,  it  was  changed  froa  0  to  1.  Value  T'c  was  deterained 
by  theraoaechanical  aethod. 

It  is  establish/instailed,  that  the  character  of  dependence  T'c 
of  the  blocic  copolyaers  on  aolar  ratio  of  units  is  not  changed  upon 
transfer  froa  one  isoaer  of  pfa  to  another  and  only  transition  froa 
PEA  to  PDEA  produces  change  for  the  speciaen/saaples, 
exposed/persistent  in  the  course  or  six  aonths  at  rooa  teaperature. 

To  dependence  for  copolyaers  PDEA  -  a*PFA  on  aolar  ratio  of 
units  it  shows  that  T'c  for  all  copolyaers  they  lie  down  well  on  the 
straight  line,  which  unites  values  Te  for  hoaopoly urethane  on  the 
basis  of  PDEA  and  b>PFA  (Fig.  uOa) . 

On  the  basis  of  observed  iinear  reduction  ia  the  copolyaers 
froa  an  increase  in  the  content  of  units  PDEA,  obtains  satisfaction 
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the  conclusion  about  the  piastLcizing  effect  of  the  latter  on  the 
units  of  n-PFA.  In  this  case,  ic.  is  considered  that  the  units  of  PDEA 
are  not  capable  of  crystallization,  but  the  units  of  n-PFA  easily 
fora  crystalline  phase. 

In  connection  with  this  is  exanined  the  series  of  copolyners  PEA 
-  n-PFA  in  which  to  both  units  is  specific  the  fornation  of 
crystalline  phase  (Pig.  60o) ,  and  in  this  case  only  for  the 
anorphized  s pec inen/san pies  cnacacter ist ically  linear  nagnif ication 
7'c  with  an  increase  in  the  content  of  PFA.  However,  for  the 
exposed/persistent  in  tine  specinen/sanples  picture  is  changed. 
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Pig.  59.  The  tenperatare  course  or  the  dynaaic  aodulus:  1  - 
polyethylene  glycol-adipindteurethane,  2  -  polytriaethylene  glycol 
adlpinate  urethane,  3  -  poly tetcaaethylene  glycol  adipinate  urethane, 
4  -  polypentaaethyleneglycol  ddrpiaate  urethane. 

Key:  (1).  hgf/cm*. 

Page  118. 

So  copolyaers  with  the  predoainant  guantity  of  PEA  (not  less  than 
60o/o)  becoaes  equal  to  of  polyurethane  on  the  basis  of  PEA, 
whereas  for  the  copolyaers  where  the  content  PEA  is  lower  than  60o/o, 
7'c  reaains  equal  to  of  the  aaorphized  speciaen/saaples  or 

soMvhat  below. 

To  the  observed  phenoaeuon  is  given  following  explanation.  For 
the  copolyaers  where  the  unit  A  is  in  aaorphous  state. 


fek 


i 


1 
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characteristically  uninterrupted  decrease  free  B-  to  an 
A-urethane,  since  the  units  or  the  latter  are  the  plasticizing  agent 
with  respect  to  the  ar yi-coutaining  units  B.  Since  the  plastification 
Bust  occur/f lov/last  at  aoiecular  energy  levels,  also  aust  vary 

linearly  with  a  change  in  the  percentage  of  aliphatic  unit. 

In  the  case  when  an  A-oioct  is  crystallized,  prolonged  storage 
of  the  speciaen/samples  of  copoiyaers  at  rooa  teaperature  conditions 
the  eaergence  in  them  of  crystalline  foraations  of  both  of  assembly 
views,  which,  in  turn,  leads  to  appearance  in  the  speciaen/samples  of 
aicroheterogeneities . 

The  miffcroregions  wnere  are  grouped  the  units  of  one  nature,  must 
develop  the  properties,  wnich  ar ?  inherent  in  this  coaponent  in  the 
form  of  homopolymec  and,  in  particular,  to  have  it  T't-  Therefore  in 
the  copolymers  where  the  aliphatic  unit  PEA  (on  less  than  60  mol. 
ones  0/0) ,  ,  copolymer  arter  prolonged  storage  becoaes  equal  to 
7'c  of  polyurethane  on  the  basis  of  PEA.  Increase  in  th«r 
copoiyaers  with  the  content  or  PFA-blocks  of  aore  than  40  aol.  ones 
0/0  is  explained  by  the  absence  in  them  the  crystalline  formations  of 
units  PEA. 

Thus  when  in  the  speciaen/ saaples  of  copolymers  does  not  occur 
the  liberation/isolaticn  of  aliphatic  units  A  in  the  form  of 
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independent  crystalline  phase,  then  is  detecnined  B-blocks, 
plasticized  by  units  A. 


I 


I 
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Fig.  60.  Dependence  on  tne  coeposltlon  of  the  copolyeer  of  the 

series  of  PDEA  -  a-PFA  (a)  and  PKA  -  b-PFA  (b)  :  1  -  aeorphized 
specieen/saaples;  2  -  exposed/pecsistent  six  eonths  at  room 
teeperature. 


Key:  (1) .  Aroaatic  unit,  aol,  o/o. 


Pa  ge  119, 


This  explanation  or  special  ieature/peculiarities  of  the 
exposed/persistent  specimea/sdoples  of  the  copolymers  of  the  series 
of  PEA  -  m-PFA  explains  the  fact  that  the  prolonged  holding  of  the 
speciaen/samples  of  the  copolyeers  of  the  series  of  PDEA  -  a-PFA  does 
not  give  and  to  their  change  in  comparison  with  initial  ones. 

Dependence  of  n-PFA  and  noaopolyether/poly esterurethane  on 
their  basis  on  molecular  weight  of  n-PFA  shows  adiabatic  nature  of 
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change  in  the  series/auanec  of  polyether/polyesters  and 
hoaopolyether/polyestecuiethane  iiiil  agree  well  with  the  given  above 
data  and  once  again  testifies  to  tne  which  is  detecnining  roles 
concentration  of  urethane  groups  in  change  7'c  in  polyether  urethanes 
(Fig.  61)  . 

It  is  substantial,  that  even  with  nolecular  weight  of 
polyether/polyester  units,  egual  to  2000,  the  block  copolyner  not  of 
one  of  the  investigated  secies  ceveal/detected  two  This, 
obviously,  it  is  explained  nighec  by  the  values  of  aolecular  weights 
of  the  nechanical  segments  of  polyether/polyesters.  As  can  be  seen 
from  Fig.  62,  experimental  values  T'c  will  agree  well  with  7'c> 
calculated  in  Pox’s  formula  [Jld]  for  the  copolyners 

7'c  =  T^AT^B  '(mA  -f  wb  7'jA), 

where  and  -  tenpecatuces  of  the  vitrification  of  hoaopolyners 
A  and  B:  <»a  and  -  theic  weight  fractions  in  the  appropriate 
copolymers. 

Thus,  polyethec/polyestecurethane  is  characterized,  on  one 

hand,  by  nature  and  concentratcon  of  diisocyanate  component,  but  on 
the  other  hand  -  nature  and  molecular  weight  of  the  glycol  units, 
which  are  determining  tendency  toward  crystallization  and 
concentration  of  the  polac  groups,  which  condition  emergence  between 
the  aacro-chains  of  polyurethane  of  the  physical  bonds  of  different 
degree  of  intensity. 
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Pig.  61.  Depeadence  Tc  for  n-PPA  41)  of  dlfforent  solecular  weight 
and  polyether/polyester uretaaae  4^)  on  their  basis. 

Key;  (1)  .  N-polyethec.  .  , 


Fig.  62.  Dependence  on  coeposition  of  copolyners  of  series  of  PEA 
-  N-PFA  with  aolecular  weight  of  units  2000:  1  -  experiaental  data 
for  aaorphized  speciaen/saapies;  2  -  data,  calculated  by  foraula  of 
Fox. 

Key;  (1)  .  PFA-block,  weignt  0/0. 
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It  is  shown  [to  26],  what  separate  units  of  the  copolyaer  of 
PBA-n-PPA  ace  capable  of  focaing  independent  crystalline  phases,  and 
that  this  capacity  falls  in  tne  secies/nuaber  of  the  copolyaers  of 
series  2000,  1000  and  600.  For  the  copolyaers  of  series  2000, 
constancy  7'nj,  of  PFA-blocis  xs  retained  up  to  the  content  of  latter 
on  the  order  of  50  weight  o/o.  in  the  region  of  average/nean 
coapositions,  is  observed  melting  the  two  types  of  the  crystalline 
focaations,  which  correspond  to  crystallization  of  each  of  the 
asssably  views.  In  the  copolyaers  of  series  1000  and  600,  occurs 
change  T'lui.  which  reainds  eutectxc  type  diagcans,  and  only  copolyaers 
with  the  pcedoainant  content  of  PEA  have  equal  to  Tnn  of 
hOBopolyaer.  The  decrease  of  the  value  of  a  PPA-block  is  accoapanied 
by  the  eaecgence  of  less  aodecn  crystal  structures  and  by  narrowing 
the  region  of  independence  fcoa  the  coaposition  of  copolyaer. 
Thus,  the  decrease  of  the  length  of  the  coaponent  block  copolyaers  of 
polyether/polyester  units  produces  the  appearance  of  properties  of 
the  randoa  copolyaer. 

Were  investigated  soae  aonoaeric  and  oligoaeric  glycols,  which 
can  be  used  for  synthesis  it  is  polyurethane  [41].  In  particular,  on 
the  basis  of  the  theraograa  of  heating  the  copolyaers  of 
tetrahydrof uran  and  oxide  of  propylene  with  different  content  of  the 
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latter  it  was  established  that  the  capability  for  crystallization  is 
lowered  with  an  increase  in  the  content  of  propylene  oxide.  However, 
even  with  the  25o/o  content  of  propylene  oxide  copolyaer  is  still 
capable  to  be  crystallized. 

For  those  cross-linkea  it  is  polyurethane  at  the  saae  tiae  on 
the  basis  of  aixture  2.4-  and  2.6-I0I  and  copolyaer  of 
tetrahydrof uran  with  different  content  of  propylene  oxide,  but  with 
the  one  and  the  sane  degree  of  chenical  cross-linking,  it  is 
establish/installed,  that  polyurethane  loses  the  capacity  to  be 
crystallized  with  the  lower  contents  of  oxide  of  propylene,  i.e., 
with  12o/o  [15].  This  tells  about  that  which  diisocyanate  conponent 
iapedes  the  course  of  the  process  of  crystallization  in  polyurethane 
elastoaers. 

The  investigation  of  polyurethane  elastoaers  on  the  basis  of 
toluenediisocyanate  with  different  relationship/ratio  2.4-  and 
2. 6-TDl  copolyaer  with  lOu/o  of  propylene  oxide  showed  that  the 
transition  froa  2.4-  to  2.0-TDl  does  not  change  the  lattice  structure 
of  polyurethane,  but  increases  the  crystallization  rate  and  the  final 
degree  of  the  crystallinity  of  polyurethane  elastoaer. 

Froa  that  presented  it  follows  that  capability  for 


crystallization  they  develop  only  also  they  are  crystallized.  In  this 
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case,  Bolecular  the  weight  at  oligoaeric  units  aust  exceed  certain 
critical  value.  Crystal  structure  of  polyurethane  elastoaers  is 
foraed  as  a  result  of  the  crystallization  of  oligoester  units,  and 
diisocyanate  links  play  only  the  role  of  defective  sections  in 
structure. 

If  lattice  structure  depends  only  on  nature  and  structure  of 
oligoaeric  unit,  then  tendency  toward  crystallization  and  degree  of 
crystallinity  are  defined  ny  tne  structure  of  both  diisocyanate  and 
oligoaeric  unit.  The  last/latter  parameters  are  bonded  also  with  the 
degree  of  the  cheaical  cross-linking  of  elastoaer. 
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Page  121. 

Chapter  V.  The  structure  of  toe  grid  of  aaorphouss  it  is 
polyurethane. 

CHA8ACTEBISTIC  OF  THE  GBIDS  Of  THBEE'DlMEMSIOIiAL  POLTOBETHAN ES. 

Obtaining  polyurethanes  uith  the  utilization  polyfunctional 
connections  leads  to  focaatron  of  polyners  with 

three-diaensional/space  structure,  or  the  so-called  three-dinensional 
polyaers.  Siaplest  criterion  of  toraation  of  polyners  with 
three-dinensional  grid  -  its  insolubility  in  the  series/nunber  of 
solvents.  The  junctions  cf  the  segaents  of  chains  are  called  nodes  or 
branch  points. 

The  special  feature/peculrarities  of  the  cheaical  structure  of 
polyurethanes  deteralne  the  possibility  of  the  existence  in  then 
theaselves  of  different  in  structure  cheaical  cross  connections. 
Together  with  biuret  and  aiiophanate  cross  connections  can  be  forned 
the  cross-linking  nodes,  which  present  the  residue/reaainder  of 


I 

I 


r 


I 


'4 


DOC  =  79011107  PAGE 

polyol,  (I,  II),  or  branched  isocyanate  (III,  IV) 


— HjC-CH-CH. — 


I 


/\ 


-CH.- 


\/ 


\/ 


CH, 

III 


-HX-d-CH.— 

I 

CH, 


O 


c 

/\ 

o=c  d=o 
i 

t 

IV 


Thus,  In  polyurethanes  is  xorned  the  whole  collection  of  different 
types  of  the  chenical  bonds,  which  possess  different  strength. 


Tobol*sKiy  and  coworiecs  [  IdB,  330]  conducted  the  investigations 
of  stress  relaxation  in  tne  cross-linked  polyurethane  elastoners, 
which  Bade  it  possible  to  obtain  sone  infornation  about  the  strength 
of  bonds  in  grid.  They  established  that  at  the  elevated  tenperatures 
in  the  cross-linked  polyurethane  xs  observed  the  so-called  chemical 
flow,  which  testifies  to  the  break  of  chemical  bonds. 


Page  122. 


Is  studied  the  chemical  relaxation  polyurethane  and 
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polyether/polyestec  robbers,  wbich  contain  the  bonds  of  different 
types,  and  are  calculated  tae  vaiaes  of  relaxation  tiaes  (Table  34, 
Pig.  63)  . 

As  can  be  seen  fron  gxven  data,  wealcest  uealc  bonds  in 
polyurethane  are  uric  and  biuret. 

Further  investigations  xn  tnis  direction  showed  that  stress 
relaxation  in  the  cross-linxed  polyurethane  it  is  possible  to 
represent  in  sub  two  processes  £335]  the  energies  of  activation  of 
which  were  equal  to  with  respect  37*-3  and  42*-2  hcal/aole.  However, 
the  results,  obtained  during  tne  study  of  stress  relaxation,  did  not 
allow  Tobol'skiy  to  give  cheaicai  treatment  to  the  discovered 
processes. 
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Table  34.  Tiaes  of  the  cheaicdl  relaxation  of  polyurethane  and 
polyether/polyester  rubbers  with  l4i0®C. 


PesHHa 

1 

2 

•  3 

4 

5 

6 


Key:  (1).  Rubber.  (2).  Type  of  bond.  (3).  Relaxation  tiae«  h.  (4). 
Ether/ester,  urethane,  uric,  oiuret.  (5) .  Ester,  urethane,  uric, 
biuret.  (6).  Ester.  (7).  Ester,  urethane,  (8).  Ester,  urethane,  uric, 
biuret. 


Tan  CM3M 


BpeMii 
pe.n«Kca« 
UMM.  n 

-POL 

3())HpHafi.  ypeTaHOBU.  Moie-  2,1 

BHHHao.  6HypeTOBafi (4} 

CJioiKHoa4iHpHaB.  yperamBaii,  3,0 

MOMeBHHHan,  6HypeTOBaii(5j 
Ciio]KHO,4iMpHai(  W)  ^  500 

Cno]KH03(j)HpHaH,  ypeTaHOBa)(  'i  j  14,0 
»  • 

Oto)KH034)HpHa)i.  yperaHOBafi, 
MOHeBHHHasi.  OHyperoBaB 


9,7 

1,6 
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Pig.  63.  Cheaical  relaxation  of  stress  with  120**C  of  different 
polyurethane  rubbers  and  polyester  rubber,  (nuneral  they  correspond 
to  ordinal  nunber  of  rubbers  in  Table  34). 

Key:  (1)  .  '(fh  . 

Page  123. 

It  is  possible  to  speak  only  about  different  strength  of  the  chemical 
bonds,  which  coapose  the  grid  of  polyurethane  elastomers. 


I 


The  presence  in  polyurethane  of  different  cheaical  bonds  and 
large  nuaber  of  polar  groups  leads  to  formation  in  then  together  with 
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the  cheaical  ones  of  stcon ^/ducattle  physical  bonds  (hydrogen  and  van 
der  Haals) ,  of  caused  by  reaction  polar  groups  with  each  other. 

The  investigation  of  tne  structure  of  grid  it  is  polyurethane 
the  eztreaely  complex  pconiea*  necessary  for  explaining  the  nuaerical 
ratio  between  the  structure  and  physical  properties. 

Host  in  detail  studxea  the  structures  of  cross-linhed  ones  was 
polyurethane  Tanaka  and  Yokoyaaa  £ J25,  326,  347,  348]  on  system 
polyol  -  diisocyanate  -  etnanoiauine.  Diagraa  of  the  foraation  of 
cross-linked  product  in  tars  case  following: 

-  cCN-R— NCO 
^l]no,iKo.i  *iii<sou«aHaT^23 

OCN — OCONH""NCO 
4>opno;i)iM0  p(33 

I  HOCHjCH.NH, 

—  NH  -CO-NHCH,CH  .OCONH — 

NCO 

« 

4 

""NCONH — 

I 

CO 

I 

Ml 

NH-CO— NCONH — 

Key:  (1).  polyol.  (2).  dxisocyanate.  (3).  prepolyaer.  (4). 


ethanolaaine 
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The  Bolar  relatlonship/catxo  of  components  Is  represented  thus: 


MOJibHoe  cowpinaHMe  NCO-rpynn  »  A)>M»UH>HaTeO) 

“  iKuibHoe  cOAepMame  OH-rpynn  •  nuii«wie()J ' 

_ 4HCJO  MOACA  »TaHaMMHMa(~3) 

^  “  MOAbHOe  coAepaiaHiK  NCO-rpynn  a  aAAyKTc 

Key:  (1)  .  the  molar  content  or  HCO — group  in  diisocyanate.  (2).  molar 
content  of  OH-groups  in  polyol.  (3) .  number  of  moles  of  ethanolamine. 
(4).  molar  content  of  NCO — group  xn  adduct. 

Before  fit/approaching  the  desccxption  of  three-dimensional  grid,  the 
authors  [348]  examine  ofctainxng  prepolyner,  taking  into  account  of 
the  equations,  which  describe  tne  reactions  of  poly  condensation.  The 
average/mean  degree  of  polymerisation 

_ K  -I- 1 

■"2u-p)  +  (a:-|)' 

where  p  -  degree  of  the  perfection  of  reaction.  Bith  p-1 


Page  124. 


Average/mean  degree  of  polymerization  x,  shows  how  many  molecules  of 
polyol  and  dilsocyanat«  they  fora  one  molecule  of  prepolyner. 
Distribution  according  to  degrees  of  polymerization  is  described  by 
the  equation 
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where  X  -  a  degree  of  polyaecization.  The  share  of  the  aolecules  of 
diisocyanate,  which  rewaias  in  adduct  after  the  coapletion  of 
reaction  P|,  while  the  port! on/ fraction  of  the  aolecules,  which 
contain  polyol,  1-pi=1/h.  A  nuanar  of  aolecules  of  prepoly aer  with 


v  =  Vo(/f  —  I). 


where  v^—  nnaber  of  aolecules  of  polyol.  Then  a  nun  her  of  aolecules 
of  prepolyaer,  which  contain  polyol. 


It  is  assuaed  that  the  brought  out  equations  are  valid  with  the 
distribution  of  aolecules  according  to  lengths,  since  is  taken  into 
attention  a  nuaber  of  aolecules. 


After  introduction  to  the  prepolyaer  of  ethanolanine  of  the 
Bolecule  of  prepolyaer,  they  increase  because  of  the  addition  to  thea 
of  the  aaino-  and  hydroxyl  groups  which  fora  uric  ones  and  urethane 
ones  during  reaction  with  the  excess  of  Isocyanate  groups. 
Consequently,  ethanolanine  can  ne  considered  as  trifunctional  agent. 


At  the  first  noaent  of  reaction,  is  correct  the 
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relationship/ratio  (OHla  =  l(JI=  initial  concentration  of 

ethanolanine  where  C^l  concentration  of  uric  groups.  The 

reaction  rate  constants  of  the  fornation  of  the  urethane  and  uric 
groups,  which  take  place  sinultaneously,  let  us  designate  K(  and  K^: 


— NCO  H - OH  MoneBHmaa,^'  ^ 

—NCO  + -—NHCONH—  -*■  OHyperoMs.^) 

K*7:  (1)  •  uric.  (2)  .  biuret. 

Then 

|OH|  _  tUl 

15Hu  “  lU!*- 

Since  branch  point,  or  network  pornt,  is  the  nolecule  of  ethanolanine 
whose  all  reaction  groups  react,  the  nnnber  of  nodes 

N  —  ^HHCJio  Mo;ieKy;i  9TaHo;iaMHH^)  PqhPu* 

Key:  (1).  (nnnber  of  nolecules  of  ethanolanine). 

where  poh  and  pu— ^  probability  of  reactions  CH-  or  of  uric  groups 

respect iwely . 

Page  125. 


They  can  be  calculated,  if  are  tnown  values  [OH]  and  Kt/K^.  A  nunber 
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of  chains  whose  ends  are  converged  into  node»  v,^  31/2.  In  this 
ezanination  the  fornation  of  grid,  is  difficnlt  to  deternine  Kj  and 
Kg.  Therefore  for  siaplicitj  they  accept,  that  the  addition  of  uric 
groups  begins  after  the  f ull/total/conplete  exhaustion  of  hydroxyl 
ones. 


Let  os  disnantle/select  the  fornation  of  grid  for  three 
different  relationship/ratxos  of  components  with  the  degree  of  the 
perfection  of  reaction,  egual  to  one. 

1.  fl=1/3.  All  uric  groups  react  with  NCO-  group.  In  system  it 
does  not  remain  free  isocyanate  groups. 

2.  n<1/3.  All  uric  groups  react  with  isocyanate  ones,  but  the 
latter  remain  in  excess. 

3.  n>1/3.  The  part  of  the  uric  groups  reacts  with  NCO-  group, 
free  RCO-  group  it  does  not  remain. 

The  structure  of  grid  for  the  examined  cases  is  scheaatically 
represented  in  Fig.  64. 

The  chains,  forming  polyurethane  grid,  branch  from  the  molecules 
of  adduct.  Vith  N=1/3  a  number  of  internal  circuits  both  of  ends  of 


1 


f  I 

.r. . 
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which  are  bonded  with  bcanca  poi.nt3,  is  equal  to  a  nuwber  of 
aolecules  of  the  adduct 

Vj  »  V  =>  —  !)• 

Last/latter  equation  considers  a  quantity  of  cenaininq  nolecules  of 
diisocyanate,  &  nunber  of  chains  into  which  enter  the  nolecules  of 
polyol  as  coaponent  unity*  is  expressed  by  the  equation 


Here  chains  do  not  have  free  ends  and  grid  can  be  considered  aodern 
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Pig.  69.  Stroctar*  of  grid  for  tdcoe  differont  colationshlp/catlos  of 
coaponents  with  the  degree  of  the  perfection  of  reaction,  equal  to 
one. 

Kef:  (1).  Oric  groups,  .  continuation  of  grid.  (3).  group. 

Page  126. 

Sith  n<1/3  there  is  an  excess  of  NCO—gcoup;  therefore  is  foraed 
a  saaller  nuaber  of  internal  circuits  in  coaparison  with  the 
preceding  case.  There  are  chains  with  the  free  ends  whose  nuaber  is 
equal  to  excess  quantity  of  ICO — group:  then 

v,«2v-2v3M, 

Vi  =  V  —  V,  -» V,  (K  —  1)  (6A!  —  1), 

_  v,(AC-l)(6M-l) 

K  • 


If  R>1/3,  a  nuaber  of  aolecule  ends  which  are  foraed  during  the 
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reaction  of  elongation  by  adduct* 

2v  — 2-2vA«  =  2v(l— 2iM). 

and  nonbec  of  nolecales  — v  (1-2d).  it  this  point  a  nunbec  of  uric 
groups  is  equal  to  a  nuaber  of  nolecules  of  ethanolanine*  i.e.*  2\M. 

When  the  free  ends  of  rhe  chains  (NCO — group)  are  added  to  uric 
groups,  circuital,  an  increase  in  the  nunber  of  circuits  is  equal  to 
a  nunber  of  additions,  then  a  nunber  of  internal  circuits 

=  v(l  —  2Af)  +  2v(l  —  2/M)  =  3\  JK-  1)  (1  -  2M). 

Grid  in  this  case  will  be  aodern. 

Value  V,  is  calculated  somewhat  otherwise.  The  portion/fraction 
of  the  nolecules  which  are  not  added  to  ethanclanine,  pi3:1-2n. 
Quantity  of  nolecules  of  diisocyanate,  which  are  located  in  adduct, 

k  nuaber  of  nolecules  of  drisocyanate  in  prepolyaer,  which  do  not 
Interact  with  ethanolanine,  is  equal 

v„(K-  1)(1  -  -^](1  -2M), 

whence 

V,  =  3v„  (A-  -  i  I  ( 1  -  2,M)  -  Vo  (AC  -  I )  ( 1  -  ( 1  -  2M)  = 

=  v.,(AC-l)(2+-^)(l-2Af). 

The  authors  consider  that  value  v„  i.e.  a  nunber  of  internal 


t 


a 
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circuits  or  cuts  of  the  chaias  betMeeu  the  points  of  branching, 
insufficiently  accurately  chacaccerizes  the  actual  picture  of  the 
foraation  of  grid,  since  not  all  branch  points  are  the  nodes  of 
three-diaensional  grid,  sonetiaes  on  the  end  of  the  chain, 
exiting/waste  froa  the  point  of  branching,  is  located  free 
RCO — group,  but  branch  point  is  not  network  pcint.  Therefore  the 
authors  introduce  concept  ** number  of  elastic  cell/eleaents*  (v,)  or 
the  nuaber  of  effectively  linked  chains  according  to  Tlory  [211], 
which  nost  completely  characterizes  three-diaensional 
three->dlaensional/space  grid. 

Value  V,  for  case  B^l/J  xs  expressed  by  the  equation 

V,  =  2 12v  -  (V  +  2vyM  —  1)1  =  2v  (I  —  2M)  =  2vo  (K  —  1)  (1  —  2Af). 

nth  N<1/3 

V.  =  2  l6vAl  -  (v  +  2vAf  -  1)|  =  2v  (4M  -  1)  =  2vo  (/C  -  1)(4AI  -  1). 

Page  127. 

Thus,  Tanaka  and  Yokoyama  they  foraed  an  equation  according  to  which 
it  is  possible  to  calculate  the  concentrations  of  the  cross-linked 
chains  in  three-diaensional  polyurethane  for  different  solar 
relationship/ratios  of  the  crosslinking  agent  and  isocyanate  groups 
in  adduct.  They  consider  that  the  proposed  method  of  calculation 
is  siaplified  and  does  not  consider  soae  factors,  for  example 
entagling  of  chains. 
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For  the  check  of  the  yivea  e<^aations  experleeatal  detereination 
of  the  concentratioa  of  effectively  linked  chains  conducted  in 
polyurethane  on  the  basis  of  polyol,  toluenediisocyanate  and 
ethanolaaine.  As  polyol  ace  used  polyethylene  glycol,  polypropylene 
glycol,  polyethyleneadipate,  polyethylenesebacyanate,  etc. 
Bxperinental  deternination  eas  conducted  according  to  the 
equation  of  the  kinetic  theory  of  high  elasticity 

where  t  -  a  voltage/stress,  -  a  concentration  of  the 

effectively  linked  chains  per  unit  of  voluae;  a  -  degree  of  the 
stretching  of  speciaen/saaple.  This  equation  it  is  possible  to 
rewrite  in  the  fora 

£  =  3/?r^  =  3/?r^,  (V.I) 

where  R  -  a  aodule/aodulus  of  high  elasticity. 

Equation  (V,  1)  is  derived  only  for  equilibriua  systeas  with 
following  assuaptions  [ 2b4,  J31]:  1)  the  chains,  which  generate  grid, 
have  identical  overall  length;  2)  spacing  distribution  between  the 
ends  of  chains  in  the  undeforaed  state  is  represented  by  the  foraula 
of  Gauss;  3)  voluae  during  deforaation  remains  constant;  4)  changes 
in  the  projections  of  the  distance  between  the  ends  of  each  chain 
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daring  defornation  ace  siailac  to  changes  in  the  size/diaensions  of 
the  defocaed  speciaen/saaple  of  rubber. 

Although  these  conditrons  in  essence  are  observed  only  for  the 
natural  rubber,  for  the  coupacative  characteristic  of  the  degree  of 
the  cross-linking  of  the  tnree-diaensional  grids  of  eguation  (V,  1) 
they  use  to  aany  other  systeas,  including  to  polyurethane  [326].  It 
is  known  that  if  dependence  aS  on  y  (a  =  — ,  y=-7^.  S  - 

voltage /stress  on  unit  of  area  during  deforaation)  gives  straight 
line,  then  this  is  the  ccnficaation  of  eguilibriua  of  state.  The 
slope/inclination  of  straight  line  nust  be  egual  to  unity. 
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polyethylene  glycol  (HstsaU):  1 

K»1.21. 


polyurethane  on  the  basis  of 
-  K=2.45;  2  -  K=.1.-<Va,, - 


Key:  (1)  .  kgf/cn*. 


Page  128. 


The  dependence  a  S  on  y  tor  polyurethane  on  the  basis  of 
polyethylene  glycol  Bolecuiar  at  tne  different  values  of  K  [96]  is 
represented  in  Pig.  65.  Siope/inciination  log  y  froa  log  yS  coaposes 
approziaately  unity  (Fig.  66).  Consequently,  the  condition  of 
equilibriun  is  observed  in  taxs  case  which  gives  the  possibility  to 
use  results  of  deterninxng  tne  aodule/nodulus  for  the  experiaental 
finding  of  the  effective  density  of  cross-linking. 


I 

I 


T. 


Figure  67  depicts  the  relatxonship/ratio  between  calculated 

0 
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according  to  equations  laadAa  ana  Yolioyaaa,  and  observed  for  is 
polyurethane  on  the  basis  poiyethecs.  Alsost  in  all  cases  ~ 
calculated  sore  than  observea«  soreover  disagreeaent  great  for  it  is 
polyurethane  on  the  basis  of  polypropylene  glycol.  For  polyurethane 
on  the  basis  of  polyethylene  glycol  with  a  aolecular  weight  of  4000 
with  N-1/3  value  that  observed  and  calculated,  is  alaost 

V  * 

identical.  Soaewhat  aore  disagreeaent  in  the  case  it  is  polyurethane 
on  the  basis  of  polyether/polyesters  of  smaller  aolecular  weight. 
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Fig.  66.  D«pendence  log  aS  on  log  y  polyurethane  on  the  basis  of 
polyethylene  glycol  (designation  the  sane  as  in  Pig.  65)  . 


Pig.  67.  Conparison  of  theoretical  and  experimental  malues  ^  it  i 
polyurethane  on  basis  of  1,2-lDl  and  different  glycols  with  n=1/3; 

-  POPG-545;  2  -  POPG-195U;  J  -  PEG-1540;  4  -  PEG-4000;  5  -  PEG-4000 
(n»0. 3)  (designation  see  xu  labie  J6) . 
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Key:  (1).  (theor.)  eole/ca^.  (2).  axp.  (3).  (Theor.)  (4).  (exp.), 
■ole/ce’. 

Page  129. 

The  convergence  of  experiuental  direct/straight  in  the  beginning 
coordinates  the  authors  consider  the  proof  of  the  correctness  of  the 
proposed  aethod  of  calculation  With  i<13 _  _  _ 

^  KOHueHTpauMW  STaHaiaMHHa  ro 
MHcno  NCO-rpynn  b  ajuyKTe(^ t.) 

Key:  (1).  ethanolaaine  coacentcation.  (2).  nuaber  of  HCO--group  in 
adduct. 

that  observed  —  becoaes  aore  tiian  calculated  Tanaka  it  joins  this 

t' 

with  the  fact  that  the  free  tecainal  isocyanate  groups,  are  added  to 
uric  and  urethane  ones  and  iucrease  experiaental  2s-  in  coaparison 

V 

with  that  calculated. 

RELATIORSdlP  BETWEEN  CREBlCAi.  AND  PHYSICAL  NODES  IN  6BID  OF 
POLTOBETHANES. 


If  when  deriving  the  e'^uations  for  the  calculation  of  the 
effective  network  density  of  polyurethanes  is  not  considered  the 
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possibility  of  the  forsatioa  of  physical  bonds;  which  exist  in  this 
specific  grid,  it  is  not  possible  to  search  for  the  coincidence  of 
calculated  and  calculating  value  Their  coincidence  can  be  only 
accidental,  as  a  role,  experisental  will  be  oore  than  theoretical 
to  the  force  of  the  given  above  ceasons.  The  experioental  results, 
obtained  by  sone  researchers,  confirn  this  [317,  198].  Theoretical 
calculation  nost  freguentxy  is  conducted  cn  the  basis  of 
assnaption  about  the  fact  that  during  the  utilization  of  the 
trifunctional  crosslinking  agent  each  nole  of  the  latter  gives  1.5 
noles  of  the  cross* linked  chains,  i. e., 

^=3/2Cr.  (V.‘2) 

V 

where  Cr  —  concentration  of  the  trifunctional  cross-linking  agent, 
sole  [133,  198].  They  in  parallel  experiaentally  deteriine  that 
according  to  the  nodule/nodulus  of  high  elasticity  or  according  to 
the  oethod  of  Flory-Rener  [211], 

The  cooparison  of  values  conducted  specific  according  to 
nodule/nodulus  of  high  elasticity  and  calculated  by  equation  (V,  1) 
for  it  is  polyurethane  on  the  basis  of  polyoxypropyleneglycol  and 
tolu.>nediisocyanate,  it  showed,  teat  (-^),  can  be  closely  in  value  to 
theoretical,  but  it  can  considerably  exceed  the  latter.  All  this 
depends  on  the  effectiveness  of  the  solidification  of  those 
investigated  it  is  polyurethane,  which  depends  on  the  nature  of  the 
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catalysts  used  and  conditions  £oc  obtaining. 

Page  130. 

In  other  words,  the  less  the  effectiveness  of  solidification 
polyurethane,  i.e.,  the  aore  defective  grid,  the  sore 
experiaental  differed  froa  that  calculated  experisental 

theoretical) .  Hith  an  increase  in  the  effectiveness  of  solidification 
because  of  a  change  in  the  conditions  of  obtaining  the  polysers 
(introduction  of  catalyst,  etc.)  experimental  value  approached 

V 

theoretical  or  exceeded  it  five^-six  times.  Thus,  the  comparison  of 
the  effective  density  of  cross-linxing,  found  experimentally  and  by 
computed,  shows  that  experiaental,  as  a  rule,  is  more  than 
theoretical.  Disagreement  it  is  possible  to  explain  only  fact  that  in 
polyurethane  grid  together  with  chemical  cross  connections  is  a  large 
number  of  cross  physical  bonds,  wnich  lead  to  an  increase  in  the 
value  of  the  effective  density  of  cross-linking,  determined 
experimentally. 

Frequently  network  density  tney  calculate  according  to  the 
method  of  Flory-Rener  [^11 J,  whicn  is  convenient  and  simple  in 
experiaental  sense.  In  this  case  is  used  the  equation  of  form  [198] 

—  |ln  (1  -  v,)  +  p,  +  T.pIi  =  P,  (-^1  i^vj  — 
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where  -  the  volawe  fcactioa  o£  polywer  in  the  swollen  gel;  'f'l . 
pacaneter  of  reaction  poiyaer  -  solvent;  V|  -  the  wolar  voluee  of 
solvent  and  f  •  a  functionality  of  the  crosslinking  agent.  Equation 
is  derived  on  the  basis  of  the  thernodynasic  exawination  of  the 
swelling  of  the  weakly-vulcanized  natural  rubber  in  thersodynasically 
good  solvents.  The  boundary/interfaces  of  the  application/use  of  this 
equation  for  the  polyaers  of  the  different  degree  of  cheaical 
cross-linking  during  the  utilization  of  different  solvents  are  not 
establish/installed.  Plory  experiaentally  showed  that  being  relative, 
this  aethod  is  aore  convenient  tor  deteraining  the  network  density  by 
studying  swelling  of  one  and  the  sane  poiyaer  in  one  and  the  sane 
solvent.  Other  researchers  use  it  for  deteraining  the  degree  of  the 
cross-linking  of  the  polyaers  of  different  nature  [ 191,  258]  and  even 
for  strongly  linked  epoxies  £25d].  To  estivate  the  conforaity  of  the 
experiaentally  obtained  values  of  the  real  density  of  cross-linking 
is  difficult,  since  there  is  no  at  present  yet  aethod  of  obtaining 
the  cellular  polyaers  with  the  accurately  assigned  structure. 

Flory*s  aethod  is  based  on  the  investigation  of  the  swelling  of 
polyaers;  therefore  it  is  interesting  to  trace,  as  affects  the 
quality  of  solvent  the  deteraination  of  effective  network  density. 


Page  131 
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In  such  polyaecs  as  the  natural  rubber  where  besides  the  Introduced 
daring  vulcanization  chenical  cross  connections  there  ace  couplings 
of  chains,  the  degree  of  cross-linking  must  not  strongly  differ 
daring  a  change  in  the  thernodynanic  gaality  of  solvent,  especially 
as  Into  the  equation  of  Flory-Bener  is  introduced  the  paraaeter  : ps, 
which  considers  the  reaction  of  polyaer  with  the  studied  solvent. 
Onfortanately,  the  investigatxons  an  this  direction  were  not 
conducted.  The  effective  density  of  cross-linking  usually  is 
deteralned  in  one  solvent  whica  is  selected  purely  eapirically. 
Soaetiaes  the  density  of  cross-linking,  deteralned  with  swelling  in 
two  different  solvents,  proved  to  oe  close  [19]. 

The  effect  of  solvent  on  tne  results  of  deterainlng  the  density 
of  cross-linking  is  investigated  only  in  one  work  [312]  for  the 
filled  natural  rubber.  As  solvents  served  the  alcohols,  ketones, 
aroaatic  hydrocarbons.  It  turned  out  that  within  the  solvents  of  one 
class  the  density  of  cross-linking  was  increased  with  the  decrease  of 
the  polarity  of  solvent.  Here  not  observed  at  the  sane  tine  the 
correlations  between  the  densities  of  links  by  the  physical 
characteristics  of  the  solvents  of  different  classes. 

In  this  case  obviously,  it  is  necessary  to  consider  the  presence 
of  a  large  nunber  of  physical  bonds  between  rubber  and  filler.  The 
dissociation  of  bonds  under  the  action/effect  of  solvents  occurs 
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differently  depending  on  the  nature  of  solvents.  Therefore  the 
density  of  cross-linking,  detereined  in  different  solvents,  proves  to 
be  dissinilar. 

For  deteraining  the  density  of  cross-linking  in  polyurethane 
froB  the  aethod  of  Flory-Bener,  xt  is  necessary  to  take  into 
consideration  the  specific  cnaracter  of  the  latter.  The  presence  in 
chains  it  is  polyurethane  the  sections  of  different  polarity  emd  the 
capacity  it  is  polyurethane  to  foraation  of  hydrogen  bonds  leads  to 
eaergence  in  polyurethane  togetner  with  cheaical  strong/durable 
physical  grid,  to  which  the  solvents  depending  on  nature  will  act 
differently.  Soae  solvents  ace  capable  of  giving  coaplexes  during 
reaction  with  urethane  group  £3,  5].  The  strength  of  such  coaplexes 
is  different.  Host  strong/d urabie  complexes  are  foraed  with  swelling 
it  is  polyurethane  in  dioxane  and  tetrahydrof uran.  It  is  possible,  in 
this  case  with  swelling,  is  obtained  new  reticular  structure, 
different  froa  initial.  In  solvents  of  the  type  of  dioxane  with  an 
increase  in  the  temperature,  occurs  the  irreversible  swelling,  i.e., 
it  is  obvious,  occurs  the  oreak  of  soae  coaparatively  weak  cheaical 
bonds . 

Thus,  the  deter aination  of  the  density  of  cross-linking  it  is 
polyurethane  on  Flory-Bener  wito  the  aid  of  the  solvents,  which  enter 
into  specific  Interaction  wita  functional  by  groups  it  is 


f 
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polyucethaae^  there  is  not  a  sense.  The  Inpossibility  of  the 
utilization  of  such  solvents  is  oonded  also  with  the  fact  that  it  is 
not  possible  to  deteraioe  by  tbs  szisting  methods  the  actual  value  of 
reaction  polyner-solvsnt  (7)  due  to  inapplicability  of  theory  to 
the  irreversible  procsssss. 

Page  132. 

However,  it  is  possiole  to  obtain  certain  presentation/concept 
of  network  density  it  is  polyurethane  according  to  the  nethod  of 
Plory-Hener  with  the  aid  of  the  solvents,  which  do  not  interact  with 
functional  groups  it  is  polyurethane.  Spectrun  investigations  shoved, 
[S]  that  for  such  solvent  wall  be  polyurethane  benzene;  probably,  and 
toluene  is  suitable  for  this  purpose. 

During  the  investigation  of  the  swelling  of  polyurethane  on  the 
basis  of  ollgodi-ethyleneglycoiadipate  in  toluene  at  different 
tenperatures,  we  reveal/detected  that  the  swelling  in  this  case  is 
reversible  (Pig.  68) .  The  sane  picture  was  observed  also  for  benzene 
[5].  In  acetone  and  cyclohexane,  which  are  capable  of  entering  into 
specific  reaction  with  polyuret nane,  swelling  is  irreversible. 

Consequently,  the  indirect  criterion  of  the  absence  of  reaction 
is  the  reversibility  of  swelling  during  a  change  in  the  tenperature. 
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But  even  daring  the  utilization  o£  such  solvents  it  is  difficult  to 
assune  that  they  do  not  act  on  aolecular  bonds  in  polyurethane. 
Therefore  the  aethod  of  Flocy-fiener  gives  only  relative  inforaation 
about  network  density,  but  nevertneless  it  is  very  convenient  for 
deteraining  the  change  in  the  network  density  of  polyurethane  under 
the  influence  of  such  factors  as  teaperature,  aoisture  of  air, 
aediua. 

Thus,  the  existing  aethods  of  evaluating  the  network  density 
give  only  approxiaate  results  during  their  application/use  to  the 
calculation  of  the  degree  of  cross-linking  it  is  polyurethane.  Degree 
of  approxiaatlon  to  the  actual  value  of  network  density  can  be 
estlaated  is  only  in  the  presence  of  speciaen/saaples  polyurethane 
with  the  accurately  known  cheaical  degree  of  cross-linking,  which 
presents  difficult  problea,  taking  into  account  the  coaplexity  of 
processes,  taking  place  wren  syntnesis  it  is  polyurethane.  However, 
the  calculation  of  network  density  on  the  basis  of  stoichioaetric 
coaposition  and  the  ccaparison  of  the  obtained  results  with 
experiaental  can  give  useful  inroraation  about  the  nature  of 
threa-diaensional  grid  it  is  polyurethane. 

He  conducted  [115]  the  coaparison  of  the  results  of  deteraining 
the  density  of  the  cross-liu>kA.u4  polyurethane  elastoaers  with  the 
aid  of  equations  (V,  1  and  V,  2),  and  also  for  the  aethod  of 


>  . 
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Uaff-Gleding  [185]  HTabie  35),  at  basis  of  which  lie/cests  the 
equation 

_  hgS  p 

o  3^/?r  “  Iff"  > 

where  Ao  -  area  of  the  transverse  section  of  speciaen/saaple ;  B  -  gas 
constant;  ho  ”  height  of  the  unheforaed  ne-swollen  speciaen/saaple;  S 
-  slope/inclination  by  dxrect/straight,  presenting  by  theaselves  the 
dependence  of  the  aaount  of  strain  froa  load. 
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Fig.  68.  D«p«Bdence  tsaperature  for  polyurethane  on  the  basis 

of  the  oligodlethylene  glycol  aaipinate. 

Key:  (1)  .  Toluene.  (2).  Acetone.  (3).  Cyclohexanone. 

Page  133. 

Blastoaers  are  obtained  on  the  basis  of 
oligodiethyleneglycola dipinate  (aol.  weight  2000)  and  of  TDTs.  As  the 
crosslinkiag  agent  served  the  aixture  of  di-  and  triethanolanine  in 
Bolar  ratio  I  :  1.5. 

As  can  be  seen  froa  Taole  35,  value  M,,  the  calculated  on  the 
basis  of  stoichioaet ric  relationship/ratios,  largest,  and  of 
eguilibriUB  aodule/nodulus  -  saallest.  The  prevalence  of  the  values 
of  the  effective  density  ot  cross-linking,  deterained  experiaentally, 
above  the  density,  found  theoretically,  is  explained  by  existence 
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besides  the  chesical  secondary  physical  bonds,  detersined  by  the 
interaction  of  chains  Mitn  eacn  otner. 

Seess  at  first  glance  surprising  nonconforsity  to  the  effective 
density  of  cross-linking,  detersined  fros  these  according  to 
stretching  ne-swollen  specisen/sasples  and  to  coapression  of  those 
swelled.  Both  these  of  sethod  are  based  on  the  detersination  of  the 
value  of  the  equilibriua  aodulus  of  high  elasticity  and  usually  give 
identical  results  [185].  tiowever,  aost  frequently  this  is  related  to 
the  case  when  physical  bonds  are  forsed  by  wrappings  and  couplings  of 
chains,  but  not  aolecular  bonds.  According  to  [312]  the  disagreement 
in  the  values  of  the  effective  density  of  cross-linking,  determined 
by  different  aethods,  is  explained  by  the  presence  of  the  solvent 
which  is  capable  to  break  secondary  physical  bonds.  It  is  possible  to 
assuae  that  in  our  case  during  test  work  for  compression  of  the 
swollen  specimen/saaples  che  solvent  weakening  physical  bonds  what  is 
prerequisite/preaise  for  their  decoaosition  during  strain.  In  this 
case,  it  is  necessary  to  consiuer  the  specific  character  of  the 
structure  of  the  polyurethane  chain,  in  which  are  alternated  the 
sections  of  different  polarity.  Tne  solvents  used  differently 
interact  with  different  sections  of  polymer  chains,  acting  on 
different  physical  bonds. 


On  the  basis  of  data  on  che  effective  density  of  cross-linking 
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deteciiaed  theoretically  it  is  experimental,  it  is  possible  to 
approximately  estimate  the  contribution  of  each  bonds  to 
common/general/total  netuorh  density  (Cable  36)  . 


1 

r 

I  t 
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"^able  35.  Coaparison  of  vaiaas  and  detaraiaed  by  different 

V 


aethods. 


t;ju. 

%%  1 

ss 

£  H 

I*  ' 

CrexHOMarpM-  | 
^ecKHA  1 

OicaTHe  Ha- 
6y  xuiHX  o6pa3 
uoa  ^4.^ 

1  PaCtlDKCHHC 
HeHaOyxuiH^ 

1  oOpaaitoH  f  ^  j 

^.|0« 

0 

1 

-.10* 

V 

-  10* 
V 

1,10 

1.15 

2,20 

0.035 

0.070 

0.100 

0,35 

0.50 

0.70 

33800 

24000 

20000 

0.30 

0.49 

0,51 

33000 

25000 

24000 

3.2 

3,4 

4.7 

3700 

3300 

2600 

Key;  (1).  aole.  (2).  Ccos3iinitin<j  agent,  nole.  (3).  Stoichiometric 
method.  (4).  Compression  or  swollen  samples.  (5).  Stretching  of 
non-swollen  specimen/sauples. 

Page  134. 

The  value  of  the  effective  aensxty  of  cross-linking  in  polyurethane 
of  the  datum  of  nature  is  determined  mainly  by  the  physical  secondary 
bonds,  which  are  generated  during  the  reaction  of  chains  with  each 
other. 


It  is  known  that  the  criterion  of  this  reaction  is  the  energy 
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density  of  cohesion,  which  we  detecnined  by  the  nethod  of  GEE  [28], 
based  on  the  investigation  of  the  swelling  of  polyaecs  in  the 
series/nunber  of  solvents,  that  were  being  distinguished  by  the 
pacaaetet  of  solubility  in  a  wide  interval.  Figure  69  depicts  the 
dependence]/^ In on  6,  where  ^M-Kr  —  a  value  of  swelling  (g/g)  in  the 
best  of  the  investigated  solvents;  Q  -  value  the  value  of  swelling 
for  renaining  solvents;  6  -  parameter  of  the  solubility  of  solvent. 
Paraneter  value  of  solubrlity  for  rt  is  polyurethane  on  the  basis  of 
diethyleneglycoladipinate  it  composes  approximately  9.8.  To  this 
value  corresponds  the  energy  density  of  cohesion  of  approximately  96 
cal/cm*.  This  high  density  tells  about  the  strong  interaction  of  the 
cuts  of  polymer  chains  in  grid,  bonded  with  the  presence  of  different 
physical  bonds. 

For  the  approximate  estimation  of  the  portion/fraction  of 
physical  bonds  in  comnon/general/total  network  density  [335]  are  used 
the  results  of  the  dependence  of  module/modulus  on  temperature.  It 
was  assumed  that  with  an  increase  in  the  temperature  the  physical 
bonds  dissociate,  chemical  remain  invariable  in  certain  temperature 
range.  The  modulus  of  elasticity  they  calculated  according  to  the 
eqnation 

^  ~  +  (^)  RT, 

where  g  -  modulus  of  elasticity;  —  concentration  of  secondary 
bonds;  concentration  of  prisary  ones,  or  chemical,  bonds;  — 

energy  of  the  activation  of  bond. 


rr 
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Table  36.  Structural  coai^ooeats  of  the  effective  density  of 
ccoss'llnking  for  diethylene'jiycoladiplnateurethane. 


1 

06pa3eu 

V, 

6ejiHmiK« 

V 

Cl') 

XHMMHCC- 
1  Kbit,. 

1 

o^aibii  1 

rt^  1 

1 

1  XNMMfec* 

1  . 

0.3S 

2,«5 

— 

3.2 

11 

2 

0.50 

2.90 

3.4 

15 

85 

3 

0.70 

4.00 

4.7 

16 

84 

Key:  (1).  Speciaen/saapie.  (2>.  Value.  (3).  Cross-linking,  o/o. 
(4).  cheaical.  (5).  physical.  lO)  .  coaaon/general/total. 

Page  135. 

It  is  establish/installed,  wurca  in  polyurethane  on  the  basis  of 
siaple  and  polyesters  is  contained  in  dependence  on  the  degree  of  the 
cheaical  cross-linking  of  elastonecs  froa  20  to  57o/o  of  secondary 
bonds.  The  decrease  of  cheaical  cross-linking  leads  to  an  increase  in 
the  contribution  of  secondary  bonus  to  comaon/general/total  network 
density.  This  logically,  since  the  greater  the  distance  of  the  chains 
between  nodes,  the  aore  flexibility  they  they  possess,  as  a  result  of 
which  the  larger  possible  ousber  of  contacts  of  the  cuts  of  chains 
with  each  other,  of  the  leading  to  the  foraation  strong/durable 
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physical  bonds. 

One  should  expect  chanije  in  the  contribution  of  physical  bonds 
to  coanon/general/total  netuocx  density  and  during  a  change  in  the 
nature  of  polyurethane  chain,  for  example  oligoester  unit.  He  this 
showed  during  the  determination  oi  the  network  density  of 
polyurethane  elastomers  on  the  nasis  of  oligoisoprene  and 
oligobutadiene  [127]  (Table  J7)  . 

The  values  of  the  effective  density  of  cross-linking,  defined 
experimentally,  also,  as  in  tne  preceding  case,  exceeded  theoretical 
values,  although  not  to  this  degree  as  for 

diethyleneglycoladipinateurethane.  In  specinen/sanples  4  and  5,  it  is 
possible  to  trace  the  effect  of  the  nature  of  oligodiene  on  the 
effective  density  of  the  cross- linking  of  the  obtained  elastomers. 


I 

I 

I 
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Fig.  69.  The  dependence  iZ-i-ln  Qtti^KC  on  the  paraneter  of  solability 

I  I'l  .  <? 

(4)  for  speciaen/saaple  1  (designation  see  in  Table  39) . 


Table  37.  Comparison  and  ^  for  it  is  polyurethane  on  the  basis 


of  oligodiene. 
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1,65 

3600 

2.71 
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»  * 

1  :  1,68  :  0,400 

3600 

2.71 

3200 

3.05 

5 

O^iHroOyTaAMil 

1  :  1,68  :  0.400 

3600 

2.77 

2400 

4,03 

Key:  (1).  Specinen/saaple.  (2).  Olxgoner.  (3).  Oligoaer.  (4). 
Theoretically.  (5).  It  xs  expeciaental.  (6).  oligoisoprene.  (7).  The 
sane.  (8) .  oligobutadieoe. 
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Page  136. 

The  analysis  of  the  data  of  cable  37  shows  that  polyurethane  on  the 
basis  of  oligobutadiene  has  the  hagh  effective  density  of 
cross -linking,  than  on  the  oasis  or  oligoisoprene  with  one  and  the 
sane  quantity  of  introduced  crosslanking  agent.  It  is  obvious,  the 
presence  in  the  chain  of  oligoisoprene  of  aethyl  group  purely 
geoaetrically  prevents  the  foraation  of  the  sane  quantity  of 
secondary  bonds  as  in  pclyuretnane  on  the  basis  of  oligobutadiene. 

Physical  secondary  bonds  make  a  significant  contribution  to 
coaaon  network  density,  but  the  doainant  role  in  this  case  belongs  to 
cheaical  bonds  (Table  33} .  This  differs  these  elastoaers  froa 
elastoaers  on  the  basis  of  coaplex  oligoether/ester  in  which  the 
basic  contribution  to  coaaon  necwork  density  introduce  secondary 
bonds.  It  is  obvious,  the  presence  in  the  ester  unit  of  carbonyl 
group  leads  to  eaergence  in  polyurethane  on  the  basis  of  coaplex 
oligoether/ester  of  a  large  nuaber  of  physical  bonds  as  a  result  of 
the  reaction  polar  of  C=0 — group  with  other  functional  groups  of 
polyaer  chains. 

y 

Proa  Pig.  70  it  is  evident  that  the  aaount  of  deflection  ~ 
ezperiaental  from  theoretical  ones  depends  on  a  quantity  of 
introduced  crosslinking  agent.  With  the  saallest  and  greatest 
coBtents  of  triethanolaaine,  experxaental  valae  ^ 
theoretical. 


J. 
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approaches 


DOC  »  79011107 


PAGii  3^5 


Table  38.  Structural  coaponeuts  o£  the  effective  density  of 
cross-linking  for  it  is  polyuretaane  fron  to  the  basis  of  oligodiene. 
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1  • 

0,65 

0,29 

0,94 
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31 
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0,95 

0.84 

1.79 

S3 

47 

3 

1,65 

1.06 

2.71 

61 

39 

4 

2,71 

034 

3.05 

89 

11 

5 

2.77 

136 

4.03 

67 

31 

Key:  (1).  Specinen/sanple.  (2).  Value.  (3).  cross-linking.  (4). 
cheaical.  (5).  physical.  (6).  coaaon/general/total. 
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Key:  (1).  (exp.),  aole/cas.  (2).  (theoretical),  eole/ca^. 

Page  137. 

■ith  the  content  of  tr iethanolaaine  fcoa  0.133  to  0.234  aole  are 
observed  the  greatest  deviations.  It  is  obvious,  with  this  content  of 
the  crosslinking  agent,  are  created  the  aost  favorable  conditions  for 
the  foraation  of  physical  bonds  in  a  three-dimensional  grid  of  such 
type.  But  all  the  saae  in  polyurethane  elastomers  on  the  basis  of 
complex  oligoether/ester  the  cole  of  physical  bonds  is  auch  aore  than 
in  polyurethane  on  the  bases  ot  oiigodiene.  It  is  possible,  by  this 
are  caused  the  values  of  other  parameters,  for  example  for  it  is 
polyurethane  on  the  bases  of  olegodiene  the  energy  density  of 
cohesion  it  is  31  cat/ca^.  The  value  of  the  energy  density  of 
cohesion  for  these  speceaen/saaples  less  than  for  it  is  polyurethane 
on  the  basis  of  polyesters,  out  it  is  more  than,  for  example,  for 
polybutadiene  and  natural  ruobec  (66  ca'i/ca’)  .  Tensile  strengths 
oscillated  in  the  limits  of  10-20  kg/ca^,  ultimate  elongation  -  about 
30o/o,  while  for  polyurethane  on  complex  oligoethers  it  by  an  order 
higher  (to  700o/o) .  It  is  possible,  deterioration  in  the 
characteristics  it  is  pclyucethane  on  the  basis  of  oiigodiene  bonded 
with  a  saaller  quantity  of  physical  bonds  in  these  elastoaers  in 
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icoapaclson  with  polydiethyieneglycoladipinateurethane.  The 

sufficiently  rapid  redistrihutiou  of  physical  bonds  in  strain 
contributes,  on  one  hand,  greater  strength,  and  on  the  other  hand  - 
to  an  Increase  in  the  naxiaus  length  with  break  it  is  polyurethane  on 
conplex  oligoethers. 

In  work  [128]  is  investigated  tne  structure  of  a  grid  of  the  new  type 
of  polyurethane-poly urethaneacryiate,  obtained  on  the  basis  of 
oligoether/ester,  diisocyanates  and  nono-aethacrylic  ether/ester  of 
ethylene  glycol.  The  results  of  tne  calculations  of  the  contribution 
of  chesical  and  physical  bonds  to  connon/general/total  network 
density  it  is  polyurethane  on  the  basis  of  polyoxypropyleneglycol  of 
different  aolecular  weight  they  are  represented  in  Table  39. 
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'fable  39.  Structural  conponeuts  of  the  effective  network  density  of 


polyurethaneacrylate. 
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1000 
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37.3 

51.9 

28 

72 

1000 

20.7 

42.2 

62.9 

33 

67 

1000 

25.7 

54.8 

80.5 

32 

68 
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5.8 

16.9 

65 

35 
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16.1 

7.0 

23.1 

70 

30 
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20 

15 

35 

57 
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■ote.  ^nonr-  aolecQlar  aexght  of  polyoxypropyleneglycol. 


Key:  (1).  Value.  (2).  Cross** iiaK.i.n9.  (3).  chenical.  (4).  physical. 
(5) .  coaaon/general/totai. 


Page  138. 

Rith  an  Increase  in  aolecuiar  weight  of  initial  oligoether,  the 
contribution  of  physical  bonds  to  coonon/general/total  network 
density  decreases.  This  is  bonded*  obviously,  with  the  decrease  of 
the  concentration  of  polar  urethane  groups  per  unit  of  voluae  and, 
therefore,  with  the  decrease  of  a  guantity  of  physical  bonds. 
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Soae  researchers,  noriag  the  large  role  of  secondarf  physical 
bonds  In  polyurethane,  consider  tnat  the  prieary  leaning  in  these 
polyiers  belongs  hydrogen  Ponds  (JiO,  335].  The  last/latter  works  of 
Tobol*skiy  and  of  the  cowockers  £189,  190]  according  to  viscoelastic 
properties  it  is  polyurethane  different  nature  and  copolyiers  of 
butadiene  with  styrene  they  showed  that  the  role  of  hydrogen  bonds  in 
polyurethane  is  strongly  exaggerated,  in  any  case,  during  the 
explanation  of  teiperature  transitrons.  Polyurethane,  in  the  opinion 
of  the  authors,  one  should  consider  as  the  block  copolyiers,  loreover 
with  iiproveient  of  structural  transitions  in  low>tenperature  ones 
region  it  is  necessary  to  consider  the  reaction  of  pliable  oligoieric 
units,  and  in  high-teiperacuce  range  -  rigid.  It  is  obvious,  the 
authors  give  preference  to  van  der  Haals  bonds.  In  the  direction  of 
the  identification  of  physical  oonds,  are  necessary  further 
investigations,  although  the  proolen  this  extreiely  is  difficult. 

Thus,  the  special  feature/peculiarity  of  three-dliensional  grid 

it  is  polyurethane  it  consists  in  the  fact  that  it  contains  a  large 

nuiber  of  physical  bonds  together  with  cheiical  cross.  Introduced 

with  synthesis.  Soietines  the  effective  density  of  the  cross-linking 

of  polyurethane  elastoaers  is  deteriined  in  essence  by  physical 

bonds.  This  specific  character  of  the  structure  of  grid  predeternines 
basic  both  physlco-chesical  aid  lechanlcal  properties  is 


polyurethane 


9^ 
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Page  139. 

Chapter  VI. 

hboat  the  connection  between  the  reaction  kinetics  of  foraation, 
structure  and  soae  properties  of  polyurethanes. 

Now  no  longer  are  producea  doubts,  that  there  is  a  close 
connection  between  the  character  of  supersolecular  structures  and  the 
physicoaechanical  properties  of  polyners.  Hence,  naturally,  appears 
the  problea  of  learning  to  rule  obcaining  one  or  the  other  type  of 
structures  for  purpose  of  effect  on  the  conbination  of  the 
physicosechanica 1  properties  of  polymeric  materials. 

Before  being  stopped  on  questions  concerning  the  formation  of 
super molecular  structures  in  cross-linked  polyurethane,  it  is 
necessary  to  disnantle/select  the  mechanism  of  the  formation  of  quite 
polyurethane  grid.  There  are  no  works,  dedicated  to  the  solution  of 
this  problea,  virtually.  Therefore  we  is  presented  the  results  of 
investigations  in  this  direction,  carried  out  under  the 


I 
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■anageient/aanual  of  T.  E.  Lipetova. 

The  special  featare/pecuiiacity  the  foraation  of  polyurethane 
grids  is  the  fact  that  they  are  torn/shaped  froa  the  oligoaeric 
aolecules  which  are  characterized  i>y  the  large  forces  of 
ioter aolecular  reactions  (the  hydrogen  bond  and  other  aeans  of 
physical  reactions) .  The  ronaation  of  super aolecular  structures,  if 
it  occurs,  aust  occur  under  conuitrons  for  strong  interaolecular 
interactions  siaultaneously  wita  tae  course  of  chemical  reaction, 
which  leads  as  the  final  result  to  the  foraation  of  the  cellular 
polyaer.  Berlinyy  with  coworKers  (70]  during  the  study  of  the 
three-diaensional  polyaerization  of  oligoester  acrylates  is 
establish/installed  the  series/nuaaer  of  the  kinetic  effects, 
produced  by  the  preliminary  ordering  of  the  chains  of  crystallizing 
oligoether/estec  and  is  descrroea  the  type  of  the  superaolecular 
structures  of  polymeric  product.  In  the  literature  almost  there  is  no 
inforaation  about  the  interrelation  between  the  kinetic  conditions 
for  foraation  of  polyaers  during  the  reactions  of  polycondensation  or 
of  step  polyaerization  and  the  character  of  superaolecular 
structures. 

First  of  all,  arises  tne  question  concerning  engendering  of 
superaolecular  structures  during  foraation  of  polyaers.  In  the  works 
of  Plate,  Kargin  and  others  £35,  108,  159]  was  placed  a  question,  is 
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the  foreation  of  the  re^uidted  aggregates  of  aacroaolecules  in 
polyaerization  general  regularity  and  are  such  the  conditions,  which 
facilitate  the  structurization  at  polyners.  For  this  purpose,  was 
carried  out  the  electron-aicroscopic  exaoination  of  the  products  of 
the  radiation  polyaerization  or  crystalline  monomers. 

Page  140. 

It  is  shown,  that  simultaneously  with  polymerization  occurs  the 
formation  of  the  super nclecular  structure  of  polymeric  substance. 
Osually  this  of  fibrillar  type  structure  with  preferred  direction 
with  respect  to  any  geometric  parameter  of  initial  crystal.  Already 
from  the  first  seconds  of  reaction,  is  observed  the  formation  of  the 
fibrillar  supermolecular  structures  of  polymers.  This,  and  also 
establish/installed  the  autnors  the  dependence  of  the  formation  of 
the  specific  types  of  structures  on  the  condition  of  the  course  of 
process  it  made  it  possible  to  mate  the  conclusion  that  the  chemical 
polymerization  reaction  ana  tne  structurization  of  polymers  are 
single  process  and  that  during  the  polymerization  in  solid  phase  of 
the  studied  monomers  more  preferaoly  occurs  an  increase  not  in  the 
separate  aacroaolecules,  out  immediately  the  bundles  of  chains. 

In  these  works  is  made  one  additional  interesting  observation. 
Supramolecular  structures  of  tne  polymers,  which  are  generated 
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directly  in  the  course  ol;  polyeerization ,  are  very  close  (occur  the 
aultistage  aggregates  ot  tne  saae  aorphological  fores)  to  the 
structures  of  the  saae  toiyaers«  obtained  from  solutions.  This  shows 
that  foraation  conditions  ior  structures  at  the  torgue/aoaent  when 
aacroaolecules  thenselves  are  built  in  cheaical  reaction,  are  very 
favorable  for  the  foraation  of  the  regulated  superaolecular 
structures. 

Researchers*  attention  was,  first  of  all,  directed  to  kinetics 
of  the  foraation  of  polyoers  and  superaolecular  structures  in  then 
for  the  crystallizinq  initial  objects  both  nonoueric  and  oligomeric. 
However,  greatest  interest  ace  ot  amorphous  cellular  polymers,  but 
for  them  the  bond  of  kinetics  and  of  superaolecular  structures  it  is 
not  yet  investigated. 
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Pig.  71.  Kinetic  curves  o£  reactions  of  ■acro-diisocyanates  on  basis 
of  PPG-2000  and  4,4 ' -diphenylaetbanediisocyanate  with  triaethylol 
propane  at  different  teaparaturas:  '  -  loo;  »  -  »o:  j  _  6o*c. 

Key:  (1)  .  h . 

Page  141. 

We  will  examine  this  based  on  cae  example  of  the  aechanisa  of  the 
foraation  of  the  polyurethane  grids,  obtained  on  the  basis  of 
aacro-diisocyanates  into  which  entered  glycols  of  two  foras  - 
polyoxypropy leneglycol  (PPG)  and  polytetraaethyleneglycol  (PTHG)  of 
different  aolecular  weights  (5U0,  1000  and  2000) .  In  all  cases  for 
the  synthesis  of  aacro-diisoc/anates,  was  used 

4, 4'-dipheny laethanediisocyanate;  triaethylol  propane  served  as  the 
crosslinking  agent. 


1. 
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Briefly  let  us  pauiie  at  results  of  the  investigation  of  kinetics 
the  formation  of  cross-linked  polyurethane  to  the  degrees  of 
transformation,  close  to  tne  point  of  gel  [59]. 

From  Fig.  71  and  72  it  is  evident  that  the  kinetic  curves  take 
the  form,  characteristic  for  reaction  of  second  order.  As  a  result  of 
processing  kinetic  data  under  the  assumption  of  bimolecular  reaction 
mechanism,  it  is  establish/instalied  that  the  reaction  rate  constant 
insignificantly  or  virtually  is  changed  in  no  way  depending  on  length 
and  chemical  nature  of  etner/esterdiol  to  degree  of  conversion  of 
approximately  70o/o  (Pig.  73). 

In  some  works  [12,  57]  it  is  shown,  that  in  the  process  of  the 
course  of  reaction  of  formation  it  is  polyurethane  it  occurs  the 
redistribution  of  hydrogen  bonds. 
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Fig.  72.  The  kinetic  carved  reactxons  of  aacrc-diisocyanates  with 
triaethylol  propane  at  teaperdture  of  80°C  on  the  different  bases:  1 
-  PPG-500;  2  -  PPG-2000;  J,  4  -  PPG-1000  and  FTHG-1000. 


Key:  (1).  nin. 
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Fig.  73.  Dependence  of  specific  rate  (ega.  NCO/1000  g*ain.)  of 
reaction  of  reaction  of  aacro-diisocyanates  on  basis  of  different 
ether/esterdiol  with  triaetnylol  propane  on  degree  of  conversion 
(t  =  80<»C)  ;  1  -  PPG-500;  2  -  PPG-1000;  3  -  PPG-2000. 


Page  142 
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This  tells  about  change  in  tae  coucse  of  reacting  inter aolecular 
interactions,  which  in  turn,  aust  affect  soae  physical 
characteristics  of  systes  £ ].  The  investigation  of  a  change  of 
viscosity  of  systen  in  the  course  of  reaction  showed  (Pig.  74) that 
beginning  with  degrees  ot  conversion  50-60o/o  is  observed  its  sharp 
increase.  In  connection  wrth  this  it  was  interesting  to  trace  a 
change  of  aolecular  weights  in  poiyaerization. 

8eight*average  aolecular  weight  and  z-  average/aean 

aolecular  weight  Mi  [ 145]  are  deterained  by  the  aethod  of 
approach/approziaation  to  eguiiioriun  of  sediaentation  on 
ultracentrifuge  G'120  in  aetnyiethylicetone.  By  the  neasured 
coefficients  of  forward/progressive  diffusion  and  intrinsic  viscosity 
in)  are  also  calculated  the  root-aean>square  radii  of  inertia  (R^) 
and  of  ratio/relation  depending  on  degree  of  conversion  (Pig. 

75)  .  In  the  region  of  transf oraation,  close  to  the  point  of  gel, 
occurs  a  sharp  increase  ot  aolecular  weights  (corves  4  and  5)  . 
Increase  indicates  the  sharp  widening  of  the  curve  of  HTR  near 

to  the  point  of  gel.  Viitb  these  results  will  agree  well  the 
viscoaetric  data  of  the  reaction  systea  (see  Fig.  74)  . 


On  the  basis  of  Pig.  75,  it  is  possible  to  aafce  following 


DOC  =  79011108 


PAGE 


conclusions,  ippcoxinately  with  6G0/0  of  transfocaation,  begins  the 
intensive  process  of  chain  orancning.  To  this,  testifies  significant 
decrease  (curve  1)  with  the  increase  of  aolecular  weight  of 

chains  (carves  h  and  5) . 


' » 

i. 

» 
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Fig.  74.  A  change  of  the  duccxiity/toughness/viscosity  of  reaction 
■ixtuce  in  the  course  of  the  process  the  polyaerization:  1  - 
■acro'diisocyanate  on  basis  PPG^500;  2  -  aacro-diisocyanate  on  basis 
PPG-IOOO;  3  -  aacro-diisocyanate  on  basis  PPG-2000. 

Key:  (1).  poise. 

Page  143. 

About  the  foraation  of  the  strongly  branched  aacroaolecules,  tells 
the  value  of  index  b  in  the  eguation 


where  0  -  a  diffusion  coefCicieat;  H  -  aolecular  weight.  For  all 
naaed  previously  systeas  b-0.i84,  which  is  characteristic  for 
strongly  branched  poly f uoctional  cnains  [145]. 
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Hear  to  the  point  or  (jel  (oeginning  approxiaately  with  6O0/0  of 
transforaation)  growth  rt  occuci*  with  the 

preservation/retentlon/aarntaining  of  the  siailarity  of  particle 
shape,  which  is  close  to  spnericai.  This  is  ccnflrsed  by  snail 
decrease  of  Intrinsic  viscosity  near  the  point  of  gel  (curve  3)  and 
by  decrease  of  ratio/relatroa  (curve  1)  . 

Hear  the  point  of  gel,  the  curve  HVB  is  widened  (increase  in 
ratio/relation  Mt/Mm,  curve  2).  The  fornation  of  the  branched 
nolecules,  which  is  acccnpanxed  by  a  sharp  increase  of  nolecular 
weight,  is  observed  in  the  coapacatively  snail  interval  of  the 
variation  of  degree  of  conversron.  In  this  case,  the  growth  of 
aolecular  weight  for  percent  conversion  considerably  exceeds  designed 
by  theory  Plory  for  the  processes  of  the  eguilibriua  polycondensation 
of  nononers.  This  it  was  to  oe  expected,  since  each  event/re  pert  of 
reaction  in  the  case  of  reactions  with  oligoners  considerably 
increases  nolecular  weight  of  the  growing  chain  (to  500-2000  and 
nore)  in  coaparison  with  the  reactrons  of  nononer  systens. 


i  f 


(i\  PpeSpeuitHue.  % 

Pig.  75.  Soae  pacaneters  o£  systeo  depending  on  degree  of  conversion: 

Key:  (1)>  Transfornation. 

Page  144. 

A  sharply  irregular  charn  growth  near  the  point  of  gel, 
apparently,  is  bonded  with  tne  very  intensive  increase  of  the 
dactility/toughness/viscosity  of  system  because  of  strong 
internolecular  interactions  waxch  are  characteristic  for  it  is 
polyurethane.  Hence  the  gria,  which  appears  iaaediately  after  the 
point  of  gel,  must  be  characterized  by  the  large  nonunifornity  of  the 
distances  between  nodes,  in  order  to  check  these  assumptions,  it  is 
necessary  to  investigate  speciaea/sanples  after  the  point  of  gel. 


1 
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For  the  given  systems  the  poxnt  of  gel  lle/rests  at  the  region 
71-730/0  degree  of  conversion  and  satisfactorily  will  agree  with  the 
value,  calculated  according  to  Flory.  The  points  of  maximum  in  of 
some  curves  of  Fig.  75  correspond  to  the  point  of  gel.  During  the 
extraction  of  specinen/saaples  after  the  point  of  gel  even  with  93o/o 
of  transformation  the  weigat  fraction  of  sol-fraction  composes  58o/o. 
In  this  case,  the  gel  fraction  presents  not  monolithic  system,  but 
microblocks.  The  completely  cross-linked  product  (during  the  complete 
cure  the  weight  fraction  of  sol-fraction  is  approximately  4.5o/o)  is 
formed  in  essence  at  the  guite  last/latter  stages  of  reaction  as  a 
result  of  rare  chemical  cross-linkings  between  microblocks.  The 
results  of  the  investigation  of  system  after  the  point  of  helium  (see 
Fig.  75)  indicate  the  narrowing  by  the  curve  of  HTB  after  gel 
formation.  Ratio/relation  virtually  becomes  equal  to  initial 

(corves  2  and  4)  .  Consequently,  into  gel  fraction  are  drawn  in  the 
predominantly  strongly  branched  large  molecules.  In  this  case,  is 
continued  an  increase  in  the  molecules  of  sol-fraction  (increase 
curve  5)  with  the  preser vation/retention/maintaining  of  the 
sisllarity  of  fora.  To  this,  they  testify  the  invariability  of  values 
\T^1  (curve  3)  and  R*/W  (curve  1). 


It  is  logical  to  expect  that  a  change  of  the  molecular  structure 


DOC  *  79011108 


PAGH  33^ 


of  reaction  systea  in  the  course  o£  polyaerization  and  the  appearance 
in  it  of  cell/eleaents  o£  grid  aust  affect  its  relaxation 
characteristics. 

Really/actually,  upon  cransfer  froa  the  linear  polyaer  to  that 
cross-linked,  is  observed  increase  in  vitrification  teaperature,  and 
also  characteristic  expansion  of  an  interval  of  vitrification  [160]. 
In  connection  with  this  are  aeasuced  the  paraaeters  of  the 
vitrification  of  reaction  aixture  in  its  solidification  which  aade  it 
possible  to  reveal/detect/expose  scae  changes  in  the  relaxation 
properties  of  systea.  It  is  establish/installed,  which  in  the  curves 
of  heat  capacity  in  an  interval  of  transition  froa  glassy  to  liquid 
state  is  observed  the  appearance  of  a  break.  Purtheraore,  occurs  the 
expansion  of  the  teaperature  interval  of  vitrification  within  the 
liaits  of  the  specific  degrees  of  conversion,  and  then  it  is  not 
virtually  changed  to  deeper  stages  (Pig.  76)  . 

In  the  region  of  transforaations  50-60o/o,  is  observed  the 
significant  expansion  of  the  teaperature  interval  of  vitrification, 
which  then  is  not  virtually  changed,  although  the  region  of 
vitrification  is  aisaligned  to  the  side  of  higher  teaperatures.  This 
shift  for  aacro-diisocyanate  on  basis  pp^- 1000  occurs  in  the  liaits 
of  transforaation  85-95o/o. 
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The  obtained  results  will  agree  well  with  the  systea 
characteristics  in  aolecuiar  weights  and  viscosity.  The  region  of 
transforeations  50-60o/o  ts  characterized  by  a  sharp  increase  in 
■olecular  weight  and  by  the  expansion  of  the  curve  of  H7B,  which  is 
developed  in  the  expansion  of  the  temperature  interval  of 
vitrification. 

Page  145. 

Further,  after  the  point  of  gel  system  is  exfoliated  and  appears  gel 
fraction.  In  this  case,  tne  temperature  interval  of  vitrification  and 
the  temperature  of  vitrification  are  not  changed,  although  occurs  the 
implication  in  the  grid  of  the  large  branched  molecules  and  the  curve 
of  nVB  becomes  narrow,  only  in  the  region  of  transformations  85>95o/o 
for  our  example  occurs  the  shift  of  an  interval  of  vitrification  to 
the  higher  temperatures  as  a  result  of  the  formation  of  monolithic 
grid. 


Arises  the  guesticn  concerning  that,  such  as  mechanism  of  the 
formation  of  grid  after  the  point  of  gel  and  that  they  are  the 
microblocks,  from  which  is  fora/shaped  the  cellular  polymer.  All 
given  experimental  data  make  it  possible  to  speak  about  the 
transition  of  reaction  from  homogeneous  conditions  to 
micro-heterogenic  ones,  and  then  into  macro-heterogenic  ones,  in  this 
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cas«  the  factor,  which  ace  datecaining  the  cate  the  foraation  of 
grid,  can  render /show  the  lotacface,  and  as  the  final  result  the 
reaction  rate  can  be  deterainad  taa  value  of  this  surface. 
Really/actually,  beginning  with  the  specific  degrees  of  conversion 
reaction  it  ceases  to  be  suhocdinated  to  equation  of  second  order. 

The  application/use  of  this  equation  leads  to  absurd  results, 
although  itself  process  consrsts  only  in  the  reaction  of  HCO — group 
with  OH-groups. 

For  explaining  laws  goverarng  the  reaction  after  the  point  of 
gel,  is  applied  caloriaetcic  aetnod  [61].  During  calculation 
theraogran  they  divided  in  two  independent  sections:  before  and  after 
the  point  of  gel.  The  section  of  curve  after  70o/o  of  transf oraation 
they  treated  as  indepenaent  tnecaorinetic  curve,  assuaing  according 
to  Flory  [119]  that  in  the  point  of  gel  its  content  is  equal  to  zero, 
but  the  part  of  the  product  is  found  in  the  fora  of  the  foraations  of 
large  coaplexity  with  a  large  uuahec  of  branchings.  These  foraations 
can  be  considered  as  the  centers,  around  which  after  the  point  of  gel 
instantly  appear  the  eaoryos  of  three-dimensional  structure 
(aicrogel) .  On  the  basis  of  these  presentation/concepts,  for 
describing  kinetics  of  the  foraation  of  cross-linked  polyurethane  it 
is  possible  to  apply  equatiou  of  Avraai  -  Yerofeyev  [  30,  165] 

<1=1  —  exp  ( — 

where  a  -  share  of  the  substance,  which  was  subjected  to 
tcansforaation;  Ko  ~  specific  rate  of  process;  t  -  tine;  a  -  index, 

depeadiaq  on  geoaetcicaliy  the  fora  of  eabcyo. 
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?ig.  76.  Dependence  of  the  range  of  vitrification  (1)  and  of 
teaperature  of  vitrification  (2)  from  degree  of  conversion  for 
■acrodiisocyanate  on  base  PPG- 1000. 

Page  146. 

If  we  for  the  case  c£  the  foraation  of  polyurethane  grid  by 
value  a  ieply  the  share  of  the  suostance,  which  passed  over  into  gel, 
then,  as  can  be  seen  froa  Fig.  77,  equation  of  Avraai  -  Yerofeyev 

describes  kinetics  of  the  foraarion  of  grid  after  the  point  of  gel. 

Value  n  (^able  40)  in  all  cases  is  close  to  unity,  but  the  specific 

cate  of  process  at  one  teaperature  does  not  virtually  depend  on  the 

cheaical  structure  of  ether/esterdiol  with  their  identical  aolecular 
weights  and  insignificantly  it  is  changed  with  the  value  of  aoleculeir 
weight. 

The  application/use  of  equation  Avraai  -  Yerofeyev  to  the 
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reaction  of  the  focaatiou  or  polyurethane  grids  after  the  point  of 
gel  was  the  attempt  to  decipher  tae  aechanisa  of  this  reaction.  The 
obtained  results  tell  about  tae  tact  that  the  reaction 
really/actually  changes  under  aeterogenic  conditions  in  the  specific 
stage  of  the  foraation  of  polyurethane  grids.  In  connection  with  this 
logically  arises  the  question  about  the  fact  that  they  are  the 
particles  of  aicrogel,  which  generate  the  interface,  which, 
apparently,  deteraines  reaction  rate  after  the  point  of  gel. 

The  electron-aicroscopic  examinations  of  polyurethane  grids 
showed  that  they  in  the  majority  of  the  cases  (for  was  polyurethane, 
obtained  through  macro-dirsocyaoates)  they  are  characterized  by 
globular  structures  [56j.  Speciaen/sanples  were  remove/taicen  in  the 
form  of  replicas  with  after  splitting  off  after  their  etching  by 
active  oxygen  [9]. 
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Fig.  77.  Results  on  kinetics  ot  the  formation  of 
in  coordinates  of  Avrani  tor  macro-diisocyanates 
different  ether/esterdiol:  1  -  PPG-2000,  t=70®; 

3  -  PTHG-1000,  t=70®;  4  -  PPPG-200U,  t=80O;  5  - 
PP-500,  t=70®C. 


polyurethane  grids 
on  the  basis  of 


2  -  PPG-2000, 


t=70® 


PPG-2000,  t=90®C;  6 


Table  40.  Specific  rate  (Kq)  the  formation  cf  cross-linked 
polyurethane  and  index  n  tor  macro-diisocyanates,  obtained  on  the 
basis  of  different  ether/esterdiol. 


a^RpAHOJr 

;  (*■) 
Tewncpi- 
Typi  npo- 
necci.  °C 

! 

H 

K,  10* 

i 

nnr.2000 

70 

1,00 

5,79 

80 

1,13 

7,29 

90 

I.OI 

15.90 

nnr-500 

70 

0.95 

13.60 

nTMr-2000 

70 

1.00 

5.40 

nTMr-iooo 

70 

1,05 

7,98 

I 


i 

I 


Key:  (1).  ether/esterdiol.  (2).  temperature  of  process 
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Globular  focaations  on  photograph  (Fig.  78,  see  insert)  ha?e  a  value 
approxiaately  by  an  order  aora  tnan  the  value  of  particles,  designed 
by  diffustion  aethod  in  the  course  of  reaction.  This  can  be  bonded 
with  the  aggregation  of  progenitors  in  aore  appreciable  globular 
foraations  [37]. 

Of  all  given  data  it  toilows  that  the  polyurethane  grids, 
obtained  on  the  basis  of  aacro'diisocya nates,  are  the  globular 
foraations,  cross-linked  uitn  rare  cheaical  bonds. 

NOW  let  us  pause  at  results  of  electron-aicr oscopic  exaainations 
of  the  polyurethane  grids,  obtained  with  different  aolecular  weights 
of  initial  diols  and  their  different  cheaical  nature.  Figure  79a,  b 
(see  insert)  depicts  the  electron- aicroscope  photographs  of 
polyurethane  on  the  basis  of  aacro-diisocyanate,  obtained  froa 
PP6-2000  both  4, 4*-diphenylaetaanediisocyanate  and  triaethylol 
propane  at  60  and  125°C.  On  then  are  clearly  visible  randoaly 
arranged/located  globular  foraations  and  their  rarely 
arranged/located  aggregates,  in  Fig.  79b  concentration  of  aggregates 
and  their  size/diaensicns  aore  than  in  Fig.  79a. 
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Appareatly,  an  increase  rn  the  teaperatnre  contributes  to  the 
aggregation  of  globules  and,  possioly,  also  to  their  cheaical 
binding*  which  must  lead  to  an  iaproveaent  in  the  aechanical  indices. 
This  really/actually  occurs,  as  can  be  seen  froa  the  results  of 
strength  for  break  (^able  41).  uith  an  increase  in  the  teaperature  of 
solidification,  the  stceo'jth  of  speciaen/saaples  increases, 
reaaining,  however,  suffrcrent  low,  which  is  explained  by  their 
globular  structure.  The  relaxation  properties  of  those  cross-linked 
it  is  polyurethane  also  tney  are  explained  well  froa  the  point  of 
view  of  the  foraation  cf  glooular  structures. 

During  the  electron-aicroscopic  exaaination  of  the  polyurethane 
speciaen/saaples,  obtained  under  identical  conditions,  but  on  the 
basis  of  ether/esterdicl  of  different  cheaical  structure  and 
identical  aolecular  weight,  it  is  evident  (Fig.  80,  see  insert)  ,  that 
their  structures  are  siailar  and  close  the  size/diaensions  of 
globular  foraations. 


I 

I 
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Soae  aechaDical  charactecistics  of  speciaen/saaples  it  is 


polyurethane. 


Omroteipwioji 

tAAiaie. 

Moe  COOT- 
■ooieMiieM 
MMIMMCR* 
TO» 

UjUff 

yjuiiiMc- 

■ac  % 

(if) 

TeMncpa- 

Typ*  OT- 
■cpiMe- 
C 

nnr-soo 

1000 

4«4 

29 

80 

nnr-iooo 

1500 

54.3 

186.0 

80 

nnr-2000 

2500 

9,6 

85 

60 

2500 

14.0 

139 

80 

2500 

17.0 

183.7 

125 

niir-3000 

3500 

6.2 

109 

80 

nTMT-IOOO 

1500 

48.3 

214.0 

80 

nTMr-1000+l.4.«y- 

TIIUUKMI 

40000 

603 

1 

984.0 

80 

Key:  (1).  oligoethec/esterdioi.  (2).  given  by  relationship/ratio  of 
conponents.  (3).  Icg/ca^.  (4).  elongation.  (5).  temperature  of 
solidification.  (6) .  butanediol. 


Page  148. 

The  kinetic  curves  of  the  reactions,  vhich  lead  to  their  obtaining, 
also  are  very  similar  (see  Pig.  71^.  Apparently,  with  one  and  the 
sane  molecular  weights  ct  etner/esterdiol,  but  with  their  different 
chemical  nature  cross-linked  polyurethane  have  very  close  structure. 

During  the  comparison  of  the  structures  of  specinen/samples,  it 


is  polyurethane  (electron-microscope  photographs)  on  the  basis  of 
ether/esterdiol  of  different  molecular  weights  (Fig.  81,  see  insert) 
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focuses  attention  that  that  the  speciaen/saaple  on  the  basis  of  diol 
with  large  nolecular  weight  (fig.  Bla)  virtually  has  no  structure.  In 
specinen/sanple  on  basis  PPG-2000,  are  pronounced  the  structures  in 
the  fora  of  the  deforaed  spherical  bodies  which  consist  of  the 
aggregated  globules  (Fig.  Bib).  According  to  aechanical  indices 
"unstructured"  speciaen/saaple  is  considerably  better  than  the 
speciaen/sanple  with  the  clearly  expressed  structure  (see  Table  41) . 

The  aethod  of  obtaiurng  or  cross-linked  ones  is  polyurethane  it 
also  affects  their  super nolecular  structure.  Polyurethane  are 
obtained  using  the  two-stage  method  which  consists  in  the  fact  that 
they  first  synthesize  aacro-drisocyanate  on  the  basis  of  diisocyanate 
and  ether/esterdiol.  Hacro-diisocyanate  -  addition  product  of  two 
aolecules  of  diisocyanate  or  two  hydroxyl  groups  of  ether/esterdiol. 
Then  aacro-diisocyanate  by  triatoaic  alcohol  is  joined  into 
three-dinensional/space  grid,  in  this  manner  we  obtained  all 
specinen/saaples .  With  siugle-stage  method  nix  in  the  appropriate 
relationship/ratios  siaultaneously  all  three  coaponents. 

There  is  no  fundaaental  difference  between  kinetics  of  the 
course  of  reaction  with  aono-  and  two-stage  nethods  [17];  however,  in 
the  structures  of  such  specxaen/saaples,  is  noticeable  certain 
difference  (Fig.  82,  see  insert).  Polyurethane  in  both  cases  are 
synthesized  at  one  teaperature  of  BO^C  on  basis  PP6-2000.  As 
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diisocyanate  ace  taken  4,4*-<iiphenylBethanediisocyanate«  ccosslinking 
agent  -  tciaethylol  propane.  In  tne  speciaen/saaple,  obtained  by 
single-stage  method,  virtually  lacK  the  signs  of  structure,  whereas 
the  speciaen/saaple,  obtained  using  two-stage  sethod,  has  pronounced 
globular  structure.  Figure  Bib  well  shows  the  aggregates  of  globules, 
tightly  arrange/located  relative  to  each  other.  According  to 
■echanical  indices  "single-stage"  speciaen/saaple  is  better  than 
"two-stage"  (see  Table  41). 

Thus,  the  data  of  electcon-aicroscopic  exaainations  will  agree 
with  the  results,  obtained  during  the  study  of  molecular  weights  and 
forms  of  macromolecules  in  the  course  of  polymerization.  Mith  the 
formation  of  cross-linked  ones,  it  is  polyurethane  directly  in  the 
course  of  step  polymerization,  probably  near  the  point  of  gel  appear 
the  globular  formations  which  ace  aggregated  depending  on  conditions 
of  polymerization  into  more  appreciable  structural  forms.  During 
aggregation  can  occur  the  rare  cnemical  cross-linking  of  formations. 

Page  149. 

This  is  determined  the  low  mechanical  strength  of  the 
specimen/samples,  obtained  using  two-stage  method,  and,  possibly, 
also  the  dependence  of  mechanical  indices  on  the  temperature  of 
reaction  and  the  distance  between  the  nodes  of  cross-linking  M,- 
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With  the  course  of  reactioa  using  eono-  and  two-stage  eethods, 
the  foraation  of  supra aoleculac  structures  occurs  siaultaneously  with 
increase  in  the  aolecular  chains  and  foraation  of  aicrogel.  Both  of 
processes  are  interconnected  as  for  crystallizing  aonoaers  [35,  108]. 
In  two-stage  process  in  the  beginning  of  the  foraation  of  grid  the 
systea,  it  is  probable,  aore  ordered  than  in  single-stage. 

The  foraation  of  structures  in  polyurethane  systeas  is  caused  by 
strong  interaolecular  interactions  which  are  characteristic  for  these 
systeas.  With  the  two-stage  aethod  of  obtaining,  it  is  polyurethane 
condition  for  the  realizatron  of  interaolecular  interactions  aore 
favorable  than  with  single-stage.  This  is  connected  with  the  fact 
that  with  two-stage  aethod  the  formation  begins  in  the  systea,  aore 
unifora  in  aolecular  weights  than  with  single-stage.  Therefore  with 
two-stage  method,  probably,  there  is  large  ordering  in  system,  than 
with  single-stage,  which  deteraiues  differences  in  ultimate 
structures. 

The  given  results  are  proposed  to  show  that  in  polyurethane,  as 
in  other  polymeric  systeas,  the  kinetic  conditions  for  the  foraation 
of  polymeric  aolecules  to  a  certain  extent  determine  the  foraation  of 
super aolecular  structures.  The  foraation  of  polyurethane  grid  occurs 
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froB  oligoaecic  ■olecales.  Hhich  introduces  certain  specific 
character  into  this  process. 

On  the  basis  entire  presentea  earlier  it  is  possible  to 
forsulate  series  of  probleas  unose  solution  very  is  substantial  both 
fron  the  point  of  view  of  the  developnent  of  the  theory  of  the 
connection  of  the  aechanisn  of  the  foriation  of  sacrosolecules  and 
superstructures  and  for  the  adaiaistration  of  the  superaolecular 
structure  of  polyaeric  aaterial. 

8e  here  note  three  of  tnea. 

1.  Study  of  process  or  interglobular  cross-linking  which  occurs, 
apparently,  at  deep  stages  of  reaction.  The  solution  of  this  problea 
is  iaportant  in  connection  with  the  fact  that  interglobular 
cross-linking  aust  give  to  an  increase  in  the  mechanical  strength  of 
polyaeric  aaterial.  Until  now,  tnis  process  is  not  virtually  studied. 

2.  Establishaent  of  possibility  of  cross-linking  within  globular 
structures  which,  according  to  our  opinion,  aust  coapulsory  occur, 
and  also  study  of  this  process.  The  structure  of  globular  foraations 
and  their  strength  aust  play  large  role  with  deforaation  of  aaterial. 


3.  Search  of  conditions,  under  which  oligoaeric  aolecules  before 
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cross-linking  would  be  spread  out#  and  then  were  fix/recorded  by 
chenical  bonds  in  the  fora  of  cross-linked  structure.  Reaction 
kinetics  in  "oriented"  state  and  foraation  of  superstructures  under 
these  conditions#  until  now#  is  not  virtually  investigated#  although 
this  is  inportant  for  poiyaeric  chenistry  as  a  whole. 


